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Terminology
This report uses terminology used by the Murray–Darling Basin Authority except where this is inconsistent or conflicts 
with the reporting needs of this project.
Terms Definitions
2800 scenario
The 2800 scenario represents flow under June 2009 water management arrangements, adjusted for 2800 GL/year 
of water recovered for the environment. MDBA supplied this scenario to CSIRO on 15 September 2011 as run # 
846. The 2800 scenario is similar – but not identical – to the BP-2800 scenario used by the Murray–Darling Basin 
Authority in its hydrologic modelling report, prepared as part of the development of the proposed Basin Plan and
released to the public on 20 February 2012.1
average recurrence 
interval (ARI) average recurrence interval (usually expressed as ‘1-in-5 years’, for example)
baseline scenario The baseline scenario represents flow under June 2009 water management arrangements, and includes dams, environmental works infrastructure and consumptive uses.
the Basin the Murray–Darling Basin
BP-2800 scenario
The BP-2800 scenario was used by the Murray–Darling Basin Authority in its hydrologic modelling report, prepared 
as part of the development of the proposed Basin Plan and released to the public on 20 February 2012.1 It is 
similar – but not identical – to the 2800 scenario used in this report.
cease-to-flow ‘zero’ flow, i.e. no water is coming down the river from upstream
current water 
management 
arrangements
‘Current water management arrangements’ refers to those in place in 2011 in the Basin – that is, without 
implementation of a Basin Plan.
electrical conductivity 
(EC)
electrical conductivity; a measure of salinity – the more salt the higher the EC. EC is usually
expressed in microSiemens per cm at 25 °&ȝ6FP
environmental water 
requirement the amount of water needed to meet an ecological or environmental objective
forest
Forests are defined herein according to Roberts and Marston (2011)2
GL/year
, with the forest form consisting of trees 
usually more than 20 m tall but reaching 45 m, with open, composite crowns and with the lowest branches several 
metres above ground.
gigalitres per year (109 litres per year)
the Guide the Guide to the proposed Basin Plan
habitat suitability
Habitat suitability models use habitat suitability or preference curves. These curves depict the relationship of a 
target organism’s response to a gradual changing habitat variable, such as duration of wetting or seasonality of 
wetting, where the response is scaled from unsuitable to suitable (usually expressed as an index of 0 to 1).  
Individual curves are aggregated to an overall response.
hydrologic indicator 
sites
Key sites used to determine the environmental sustainable level of take in the Murray–Darling Basin. There are
hydrologic indicator sites for both (i) key environmental assets and (ii) key ecosystem functions. This report 
discusses only those for key environmental assets, thus in this report ‘hydrologic indicator sites’ is equivalent to 
‘hydrologic indicator sites for key environmental assets’.
Icon Sites
Six locations chosen for The Living Murray program due to their regional, national and international ecological 
value, and the concurrence that they are at risk and require improved water-flow regimes. See Figure 1.1 for their 
names and locations.
ML/year megalitres per year (106 litres per year)
northern Basin In this report, the northern Basin is considered to be the upper Darling River and associated tributaries. 
southern Basin In this report, the southern Basin is considered to be the River Murray and associated tributaries.
sustainable diversion 
limit (SDL)
Long-term average sustainable diversion limits, or SDLs, set the maximum long-term annual average quantities of 
water that can be taken on a sustainable basis from the Basin water resources as a whole, and from the water 
resources or particular parts of the water resources of each water resource plan area.
target value numerical values that relate to a water quality characteristic, which, if exceeded, indicate an unacceptable risk of harmful environmental effects
without-development 
scenario
The without-development scenario represents flow without the effect of dams, environmental works infrastructure 
and consumptive uses.
woodland Woodlands are defined herein according to Roberts and Marston (2011)
2. The woodland form is typically less than 
20 m tall with a rounded, simple crown and with the lowest branches only a metre or so above the ground.
                                                                
1 MDBA (2012) Hydrologic modelling to inform the proposed Basin Plan: methods and results. MDBA Publication no: 17/12. 
Murray–Darling Basin Authority, Canberra.
2 Roberts J and Marston F (2011) Water regime for wetland and floodplain plants. A source book for the Murray–Darling Basin. National 
Water Commission, Canberra.
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Acronyms, abbreviations and shortened forms
Short form Long form
ABARES Australian Bureau of Agricultural and Resource Economics and Sciences
ARI(s) average recurrence interval(s)
AU$ Australian dollars
CEWH Commonwealth Environmental Water Holder
CIE Centre for International Economics
CMA catchment management authority
COAG Council of Australian Governments
CPUTE catch per unit targeted effort
CSIRO Commonwealth Scientific and Industrial Research Organisation
DENR South Australian Department of Environment and Natural Resources
DIWA Directory of Important Wetlands in Australia
DOC dissolved organic carbon
DSS(s) Decision Support System(s)
EC electrical conductivity
eWater CRC eWater Cooperative Research Centre
GIS geographic information systems
GPP gross primary production
GVIAP gross value of irrigated agricultural production
HSM habitat suitability model
IF initial-final studies
IPA Indigenous Protected Area Program
IQQM integrated quantity and quality model
LYNC Lowbidgee Yanga Nimmie Caira
mAHD metres above Australian Height Datum
MDBA Murray–Darling Basin Authority
MEA Millennium Ecosystem Assessment
MFAT Murray Flow Assessment Tool
MIP marginal implicit price
MLDRIN Murray Lower Darling Rivers Indigenous Nations
NDVI Normalised Difference Vegetation Index
NPP net primary productivity
NRM natural resource management
PDOD potential dissolved oxygen drawdown
REALM Regulations Expressed as Logical Models
RiM-FIM River Murray Floodplain Inundation Model
SDL(s) sustainable diversion limit(s)
SEWPaC Department of Sustainability, Environment, Water, Population and Communities
SRA Sustainable Rivers Audit
TEEB The Economics of Ecosystems and Biodiversity
TRA Tourism Research Australia
TS time series
TVSY total volume seasonal year
US$ United States dollars
Assessment of the ecological and economic benefits of environmental water in the Murray–Darling Basin ƒ v
Executive summary
The Murray–Darling Basin Authority (MDBA) commissioned the project team (listed on page ii) to identify and quantify 
the ecological and ecosystem services benefits that are likely to arise from recovering 2800 GL/year of water for the 
environment in the Murray–Darling Basin and, where possible, to elicit the monetary value of those benefits. This 
analysis of benefits is one of several inputs that the MDBA is using for an overall cost–benefit analysis of the proposed 
Basin Plan.
The ecological condition in the Basin is in long-term decline3
The steps used to calculate the multiple benefits of recovering more water for the environment are as follows:
and it is uncertain whether this decline will continue at the 
historical rate because some management interventions (e.g. the Living Murray and existing water buybacks) are yet to 
take full ecological effect. Therefore this project used the best available science in combination with new work to
calculate the multiple benefits of recovering more water for the environment using the current ecological condition as the 
baseline. The Australian Government is recovering water for the environment primarily through the purchase of water 
entitlements and efficiency savings resulting from investments in irrigation infrastructure.
x estimate the response of ecosystems and components of water quality to changes in flow expected if 
2800 GL/year of water are recovered for the environment, as modelled by the MDBA (Chapters 3 and 4)
x calculate the incremental changes in the supply of ecosystem services under the 2800 scenario relative to the 
baseline scenario (Chapters 3, 4, 5 and 6)
x elicit the monetary value of the incremental changes in the supply of ecosystem services under the 
2800 scenario relative to the baseline scenario (Chapter 6).
Results are reported under three scenarios, all of which are defined using the historical (1895 to 2009) climate sequence:
x The without-development scenario represents flow without the effect of dams, environmental works 
infrastructure and consumptive uses.
x The baseline scenario represents flow under June 2009 water management arrangements, and includes dams, 
environmental works infrastructure and consumptive uses.
x The 2800 scenario represents flow under June 2009 water management arrangements, adjusted for 
2800 GL/year of water recovered for the environment. The 2800 scenario is very similar to the scenario used in 
the proposed Basin Plan.
The 2800 scenario provided by the MDBA uses a single hydrologic model configuration and is therefore just one of many 
possible ways of recovering water and delivering it to the environment. How the 2800 GL/year of water is delivered to the 
environment is a function of hydrologic, temporal and operational constraints and the management of those constraints
will determine precisely the benefits that accrue. The final benefits that accrue could be much higher, or much lower.
Major conclusion: economic benefits of flow
Ecosystem services are the aspects of ecosystems that contribute to human wellbeing. Because ecosystem services can 
provide both direct and indirect benefits, they have value that can be measured in monetary and non-monetary terms. 
Ecosystem services therefore provide the link between the environment and the economy. A healthy and functioning 
environment will have positive economic benefits to society through enhanced supply of ecosystem services.
While the costs of recovering 2800 GL/year of water for the environment have been estimated by the Australian Bureau 
of Agricultural and Resource Economics and Sciences (ABARES) as an annual AU$542 million reduction in the gross 
value of irrigated agricultural production across the Basin in the long term4
                                                                
3 Crossman ND et al. (2011) Status of the aquatic ecosystems of the Murray–Darling Basin and a framework for assessing the 
ecosystem services they provide. An interim report to the Murray–Darling Basin Authority from the CSIRO Multiple Benefits of the Basin 
Plan Project. CSIRO Water for a Healthy Country National Research Flagship, Australia. Viewed 16 March 2012, 
<
, there are a number of expected benefits of 
recovering 2800 GL/year of water for the environment. The economic value of benefits under the 2800 scenario relative 
http://www.mdba.gov.au/files/bp-kid/1714-StatusOfTheAquaticEcosystemsOfTheMDBCSIRO.pdf>. 
4 MDBA (2011) Socioeconomic analysis and the draft Basin Plan. Part A – Overview and analysis. Viewed 29 February 2012,
<http://download.mdba.gov.au/proposed/social_economic_analysis_part_a.pdf>.
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to the baseline scenario is dominated by habitat ecosystem services. The additional Basin-wide value of enhanced 
habitat ecosystem services – arising from floodplain vegetation, waterbird breeding, native fish and the Coorong, Lower 
Lakes, and Murray Mouth – is worth between AU$3 billion and AU$8 billion under the 2800 scenario relative to the 
baseline scenario.
In addition to these benefits from habitat ecosystem services, the likely value of improvements in other ecosystem 
services is substantial when 2800 GL/year of water is recovered for the environment. Carbon sequestration is 
potentially a large benefit. Under the 2800 scenario relative to the baseline scenario, the additional volume of carbon 
held within river red gum and black box floodplain vegetation that is maintained in a healthy condition is worth in the 
order of AU$120 million to AU$1 billion. The increased supply of the aesthetic appreciation ecosystem service under the 
2800 scenario relative to the baseline scenario is potentially worth more than AU$330 million. Under the 2800 scenario 
relative to the baseline scenario, the avoided damage and treatment costs associated with the supply of fresh water are
worth in the order of AU$30 million. In addition, tourism benefits are worth up to AU$160 million annually.
To avoid the risk of double counting, monetary values such as these should not be summed to a single value because of 
possible overlaps. For example, the non-use values that underpin the habitat values may also capture some aspects of 
other ecosystem services such as recreation and mental health, or aesthetic appreciation and cultural inspiration.
Furthermore, values are provided in this report as either annual values or values of an unspecified time frame. The 
time-independent values are not discounted and represent differences in value between two different states: that under 
the 2800 scenario, and that under the baseline scenario.
The supply of many other ecosystem services in the Basin is expected to increase under the 2800 scenario relative to 
the baseline scenario. However, due to the lack of data and appropriate process models, it is not possible to quantify all
economic benefits. Instead, qualitative estimates are provided in Chapter 6, based on the expected changes in flow and
subsequent benefits to floodplains and wetlands under the 2800 scenario. Regulating and cultural services – including 
wastewater treatment, erosion prevention and maintenance of soil fertility, moderation of extreme events, spiritual and 
sense of place, and recreational and mental health – are more difficult to value. Qualitative estimates, however, indicate 
that positive incremental changes in these services are expected in locations where the decline in condition of vegetated 
floodplains and wetlands is halted or reversed under the 2800 scenario relative to the baseline scenario.
A high proportion of the 2800 GL/year of water will be sourced from the southern Basin where ecosystem health is 
considered poor to very poor, where overallocation is greater relative to the northern Basin, and where the largest 
changes in flow regime are required in order to recover toward natural conditions. Thus much of the halt or reversal in 
decline in condition of vegetated floodplains and wetlands – and therefore the bulk of the ecosystem service and 
economic benefits – are likely to occur in the southern Basin, particularly in the Murray, Goulburn–Broken and 
Wimmera–Avoca Basin Plan regions. A relatively small proportion of the 2800 GL/year of water will be sourced from the 
northern Basin where ecosystem health is better and overallocation relatively less, resulting in smaller incremental 
changes in the supply of ecosystem services in the northern Basin relative to the southern Basin.
Water quality benefits of flow
Recovering 2800 GL/year of water for the environment would improve water quality in at least three ways. Firstly, 
through reduced numbers of days of low flow when cyanobacterial blooms could develop. Secondly, through less 
frequent periods of low water levels in the Lower Lakes when acidification could occur. Thirdly, through more frequent 
inundation of vegetated floodplains, which reduces the number of days of high-oxygen demand due to oxidation of 
floodplain carbon sources, which in turn reduces the number of blackwater events and fish kills. There may also be 
riverine salinity benefits from recovering 2800 GL/year of water for the environment but they are not modelled here 
because of the high level of uncertainty and lack of scientific knowledge associated with the relationship between riverine 
salinity and changes to river flows in the Basin (note that this is distinct from the better-understood salinity processes and 
likely changes relevant to the Coorong). Improved quality of fresh water supplied in the Basin would reduce treatment 
costs and costs associated with lost recreation and tourism opportunities.
Under the 2800 scenario, modelled water levels at Milang on Lake Alexandrina do not fall below 0.10 mAHD. This level 
is higher than the minimum water level under the baseline scenario (–0.50 mAHD). This 0.10 mAHD is above any of the 
water level thresholds identified or nominated as being of concern for acidification of the Lower Lakes. The potential does 
exist under the 2800 scenario for localised lake acidification due to rainfall on exposed sediments when water levels in 
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the Lower Lakes fall below their normal regulated level. This problem is, however, related to the historical regulation of 
water levels in the Lower Lakes as much as the prevailing flow regime.
The mean number of risk days per year for cyanobacterial bloom formation decreases at five out of six locations that 
were examined under the 2800 scenario relative to the baseline scenario. There are also small decreases or no change
in the mean number of risk events (continuous periods of risk days) per year for cyanobacterial bloom formation.
Flow regulation has shifted the distribution of blackwater event occurrence away from a higher frequency of relatively 
benign events with low-oxygen demand to a greater number of events with high-oxygen demand where the risk of anoxic 
conditions developing (and risk of fish kills) is greater. In the five River Murray zones where the potential for blackwater 
events is highest, the risk of experiencing a potentially hypoxic blackwater event declines by approximately 25% under 
the 2800 scenario relative to the baseline scenario.
Ecological benefits of flow
The health and condition of water-dependent ecosystems in the Basin have been declining in the long term due to water 
resource development and overallocation, as well as overharvesting of fisheries and floodplain timber resources. Recent 
flooding, while resulting in short-term ecosystem recovery, does not signal an end to the decline nor a reversal of the 
expectation of long-term drying under climate change. Recovering 2800 GL/year of water for the environment is likely to 
be important in halting and reversing decline in ecosystem condition. All ecological response variables improve under the 
2800 scenario relative to the baseline scenario. The ecological response models are used in this project to compare the 
magnitude of the ecological change under the 2800 scenario relative to the without-development and baseline scenarios, 
and are complementary to the evaluation of environmental water requirements that the MDBA uses in its environmentally 
sustainable level-of-take process. However, environmental water requirements in themselves cannot be used to predict 
or model the magnitude of ecological change likely to occur as a result of recovering 2800 GL/year of water for the 
environment.
Ecological responses tend to be greater for those response variables that depend on flooding (e.g. waterbird breeding) 
than for those that depend on in-channel flows (e.g. main channel generalist or specialist fish groups). Increased 
floodplain inundation under the 2800 scenario relative to the baseline scenario benefits the lignum shrubland and river 
red gum forest and woodland vegetation communities on the lower and mid-floodplains. Higher elevations of River 
Murray floodplains are likely to remain vulnerable under the 2800 scenario, and their capacity to continue to support river 
red gum and black box communities will continue to be compromised.
There are important ecological benefits for the Coorong, Lower Lakes, and Murray Mouth under the 2800 scenario,
including reduced frequency of hypersaline periods, and reduced proportion of years spent in ‘degraded hypersaline’ and 
‘unhealthy marine’ ecosystem states.
Ecosystem service benefits of flow
A random selection of the Australian public who have used the Basin for recreation were surveyed about their 
understanding and opinions about the relative importance of ecosystem services in relation to freshwater ecosystems. 
Respondents of the survey (n = 503) were less familiar with the concept of ecosystem services than with the idea of 
habitat, with which respondents were much more familiar. Over 70% of respondents were aware that nature provides 
them with benefits. About 90% of respondents felt there is a moral obligation to maintain ‘wilderness’ (or natural) areas 
for future generations.
The ecosystem services identified by respondents as being most important for people were fresh water (for drinking) and 
habitats (for species and maintenance of biodiversity). Fresh water for drinking was the service respondents considered 
to be most worth paying for. In a number of Basin Plan regions, a large number of ecosystem services are supplied 
which are of direct benefit to society, such as fresh water, food production, and recreation and amenity. A change in 
water management will most likely have a greater direct benefit in these regions compared to other regions. For instance, 
many provisioning and cultural ecosystem services are supplied in the Murrumbidgee and Murray regions. In contrast, 
the regions in the northern Basin (Paroo, Warrego and Barwon–Darling) mainly provide indirect benefits to human 
wellbeing through supply of regulating ecosystem services.
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The Goulburn–Broken, Wimmera–Avoca, Lower-Murray and Mid-Murray regions are likely to experience changes in 
mean annual flow in excess of 20% under the 2800 scenario relative to the baseline scenario. The greatest positive 
incremental changes in the supply of ecosystem services are expected in these southern Basin Plan regions.
Challenges in quantifying the benefits
A number of challenges in quantifying the benefits of recovering 2800 GL/year for the environment were identified 
through the course of this project. While numerous models are available to estimate ecosystem outcomes, they may not 
be particularly useful at whole-of-Basin scale; they may not quantify the benefits of interest; and they may not be 
sufficiently sensitive to quantify outcomes given relatively small changes in inputs (i.e. changes to the volume and 
configuration of flow).
Using the ecosystem services framework is challenging because the science of quantifying and valuing ecosystem 
services, while conceptually powerful, is relatively novel and experimental. There is a dearth in the indicators and spatial 
data available at appropriate spatial and temporal scales to describe the full suite of ecosystem service benefits that may 
arise from recovering more water for the environment. There is also a poor understanding of how ecosystem services
respond to changes in flow.
Further challenges exist in valuing the ecosystem service benefits of recovering more water for the environment. While 
there is a growing body of valuation techniques and acceptance of placing a monetary value on the environment, there 
exists a deep ethical and moral challenge in commodifying nature. Valuing ecosystem service benefits is fraught with 
difficulties as nature – and the services it provides – are public goods. The valuation of ecosystem services is one 
approach to measuring benefits, which is amenable to cost–benefit analysis, but different communities will have their 
own valid measures of benefit.
Future research
While there is a good understanding of the flows required by freshwater ecosystems, valuations of ecosystem services
require detailed knowledge about how those ecosystems are likely to respond to changes in flows. These valuations
require quantitative prediction of aspects such as carbon stocks, or water quality parameters. Precise quantification of 
these aspects requires process models that are specific to individual ecosystem services and are sensitive enough to 
detect spatially- and temporally-explicit changes in the supply of ecosystem services following changes in flow. Models 
for these processes exist and are improving, but several ecosystem services could be better valued with an improved 
understanding of the relationships between flow, ecology and benefits accrued. A high priority is to test whether these 
relationships are linear, as assumed in this report.
A related issue is that some indicators for ecosystem services presented here cannot readily be used to indicate changes 
in the supply of ecosystem services under varying management interventions because they were originally developed for 
other purposes. Future research needs to identify robust indicators that measure precise whole-of-Basin outcomes of 
incremental changes in the supply of ecosystem services as a consequence of flow. Examples could include tourism 
data that includes travel cost information, and spiritual and cultural data related to Aboriginal water values.
There is a paucity of information about the value to society of the incremental changes in ecosystem services relating
directly to environmental flow. The value of the regulating ecosystem services (e.g. climate regulation and air quality,
erosion prevention and maintenance of soil fertility, moderation of extreme events, pollination and biological control) is 
least understood, and in many cases no data are available to quantify a change in supply as a consequence of 
recovering more water for the environment.
A new stated preference survey is recommended that values the same habitat ecosystem service outcomes calculated in 
this report assuming that 2800 GL/year of water are recovered for the environment.
The understanding of Aboriginal cultural values associated with water in the Basin is very poor. A Basin-wide research 
program on cultural flows is strongly recommended.
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1 Introduction 
The health and condition of water-dependent ecosystems in the Murray–Darling Basin have been declining in the long 
term due to water resource development and overallocation, as well as overharvesting of fisheries and floodplain 
timber resources. The millennium drought (1997 to 2009) simply exacerbated the declining ecological condition of a 
river system where a very high proportion of its water resources are extracted for consumptive uses. While resulting in 
short-term ecosystem recovery, recent flooding does not signal an end to the decline nor a reversal of the expectation of 
long-term drying under climate change. Instead, significant water quality problems (e.g. cyanobacterial blooms) and a 
change to the natural wetting and drying regimes of many of the Basin wetlands and floodplain ecosystems are expected 
to continue over the long term in the absence of management interventions. 
The Sustainable Rivers Audit (Davies et al., 2010) reported in 2008 that the ecosystem health of only one of the 23 river 
valleys in the Basin was in good condition with 13 in very poor condition for the 2004 to 2007 period of analysis. More 
recently, a review of river ecosystem condition (Gawne et al., 2011) reported significant degradation of the ecosystems 
that were examined; the degradation was related to reduced inflows. Additionally, a review of long-term studies 
(Crossman et al., 2011) concluded that aquatic ecological health is poor and on the decline in the Basin: ecological 
trends for waterbirds, floodplain vegetation and native fish in the Basin show a consistent pattern of steady decline (in 
60% of the long-term datasets that were assessed) or no significant change from a relatively degraded state (in 35% of 
the long-term datasets that were assessed). 
In response to this declining ecological condition, the Australian Government has reformed water policy in the Basin, as 
summarised in Section 1.1. 
1.1 The Murray–Darling Basin Authority’s Basin Plan 
The passing into law of the Water Act 2007 (Cwlth) was the culmination of several decades of water policy and water 
reform aimed at improving the ecological health of the Basin. The Murray–Darling Basin Agreement was adopted in 1987 
to promote and coordinate planning and management of natural resources at the Basin scale. This agreement was 
followed by the Council of Australian Governments (COAG) Water Reform Framework in 1994, which committed 
governments to allocating water to the environment and establishing a market for water, and the National Water Initiative 
in 2004. Reform itself was through state and federal policy and legislation, which – in combination with improved 
regulatory and planning systems – enabled the management of surface water and groundwater resources for improved 
economic, social and environmental outcomes. 
The Water Act mandated the preparation of a Basin Plan. The purpose of the Basin Plan is to provide an agreed Basin-
wide framework for managing water resources in the Basin that delivers a healthy working Basin and balances the water 
needs of communities, industry, and the environment (MDBA, 2011a). Supporting the proposed Basin Plan is the 
environmentally sustainable level of take process that identifies key environmental assets and key ecosystem functions 
to protect and restore, and determines the environmental water requirements of those assets and functions to guide the 
management of water resources (MDBA, 2011b). The hydrologic indicator sites for key environmental assets are shown 
in Figure 1.1. 
The Basin Plan will establish long-term average sustainable diversion limits (SDLs) on the volume of surface water and 
groundwater that can be extracted for consumptive use. The SDLs will, in most cases, be lower than the current 
diversion limits in order to recover additional water for the environment. The amount of additional water is intended to 
partially meet the ecological needs of freshwater ecosystems in the Basin. Central to the Basin Plan is an Environmental 
Watering Plan that informs the management of all environmental water held by the Commonwealth Environmental Water 
Holder and other planned environmental water (e.g. The Living Murray and Riverbank). The Environmental Watering 
Plan sets high-level objectives and targets for managing water-dependent ecosystems across the Basin. The next round 
of state water-resource management plans will need to be consistent with the Basin Plan, meaning that the water sharing 
rules within the state plans will need to fit within extraction limits set by SDLs. 
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Figure 1.1 The Murray–Darling Basin, including Basin Plan regions, hydrologic indicator sites for key environmental assets, 
and Living Murray Icon Sites 
 
There are several precursors to the Basin Plan’s recovery of water for environmental purposes. The most prominent is 
The Living Murray program, which has recovered nearly 500 GL for the environment since the program began in 2004. 
Under The Living Murray program, approximately AU$700 million has been used to purchase water entitlements, 99-year 
leases, and on- and off-farm investments in irrigation water infrastructure improvements that produce entitlement-based 
water savings. The aim of The Living Murray program is to ensure the environmental water requirements, as defined by 
environmental management plans, are met for six Icon Sites to maintain them in healthy ecological condition. The six 
Icon Sites are the Barmah–Millewa Forest; Gunbower–Koondrook–Perricoota Forest; Hattah Lakes; Chowilla Floodplain 
and Lindsay–Wallpolla Islands; the Lower Lakes, Coorong and Murray Mouth; and the River Murray Channel (see Figure 
1.1). A further AU$250 million has been allocated to building infrastructure works at some of the six Icon Sites to improve 
delivery of the recovered environmental water. 
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The Water Act and associated Basin Plan are also intended to help meet Australia’s international obligations under 
treaties to which Australia is a signatory, including the Ramsar Convention, the Convention on Biodiversity, the 
Convention on Migratory Species, and bilateral agreements on migratory birds with Japan, China and South Korea. 
Basin freshwater ecosystems support critical habitat for large populations of migratory birds as part of the Asian–
Australasian flyway, including the Coorong and Lower Lakes. The Basin contains over 200 wetlands of national 
importance, including 16 Ramsar sites (SEWPaC, 2011). These wetlands provide habitat to support significant parts of 
the global populations of migratory waterbirds as well as fauna and flora found nowhere else on Earth, including many 
rare and endangered species. 
A requirement of the Water Act is that the Basin Plan should include a Water Quality and Salinity Management Plan. This 
plan is required to identify the key causes of water quality degradation in the Basin and include water quality and salinity 
objectives and targets for Basin water resources. The Water Act also specifies that the Murray–Darling Basin Authority 
(MDBA) must have regard to the National Water Quality Management Strategy (SEWPaC, 2011). This strategy has the 
policy objective of ‘achieving sustainable use of the nation’s water resources by protecting and enhancing their quality 
while maintaining economic and social development’.  
Schedule 15
1.2 Ecosystem services 
 of the Water Act defines Basin Salinity Management; its purpose is to implement certain aspects of the 
Basin Salinity Management Strategy 2001–2015 or any subsequent strategy approved by the Murray–Darling Basin 
Ministerial Council. It specifies targets for salinity in the Basin, including end-of-valley targets and a Basin salinity target 
for flow at Morgan. The objective of this target is to maintain the average daily salinity at Morgan at a simulated level of 
less than 800 EC for at least 95% of the time during a benchmark period. The period used for the benchmark is 1 May 
1975 to 30 April 2000 (or any other period the MDBA may determine) and is an observed climatic sequence over a 
defined period that is representative of hydrologic variability across the Basin. The end-of-valley salinity targets in the 
Water Act were derived from the Basin Salinity Management Strategy. 
Decisions about investments and policy – such as those described in Section 1.1 – are usually informed by cost–benefit 
analyses that monetise outcomes from policies. Many argue (Costanza et al., 1997; Millennium Ecosystem Assessment, 
2005; Cowling et al., 2008; Tallis et al., 2008; Daily et al., 2009; Raudsepp-Hearne et al., 2010) that the consequences to 
– and trade-offs between – the supply of ecosystem services must inform decision-making that affects land and water 
resources. Ecosystem services have been broadly defined as the benefits people obtain from ecosystems (Costanza et 
al., 1997; Daily, 1997; Millennium Ecosystem Assessment, 2005). More accurately, ecosystem services are the aspects 
of ecosystems that contribute to human wellbeing (Boyd and Banzhaf, 2006). Recent definitions delineate direct and 
indirect benefits to acknowledge that services can benefit people in multiple and indirect ways (TEEB, 2010). 
The application of the ecosystem services framework in policy and investment decision-making has several precedents 
in Australia and internationally (see Crossman et al., 2011). Australian examples include pioneering ecosystem service 
assessments in the Goulburn Broken Catchment (Binning et al., 2001; Abel et al., 2003; Goulburn Broken CMA, 2011), 
and more recent advances in south-east Queensland (SEQCatchments, 2011) and the EcoMarkets program in Victoria 
(Department of Sustainability and Environment, 2011). Internationally, the United Kingdom has recently completed a 
National Ecosystem Assessment that quantified the condition, trend and value of the nation’s ecosystem services for 
informing policy (UK National Ecosystem Assessment, 2011), and the United States Environmental Protection Agency is 
investing US$70 million annually in the science of quantifying and valuing ecosystem services nationally (USEPA, 2011). 
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Figure 1.2 The ecosystem services framework comprises a pathway from ecosystems and biodiversity to human wellbeing, 
with ecosystem services as the bridging link 
Source: Adapted from TEEB (2010) 
 
Underlying these examples is a large body of work that quantifies and maps the biophysical structures and processes 
and ensuing ecosystem services and then elicits the monetary value of incremental changes in the supply of ecosystem 
services as a consequence of management interventions. Quantifying ecosystem service benefits and economic benefits 
of a policy intervention demands an integrated assessment that comprises the biophysical, ecological and economic 
science domains. The ecosystem services framework (Figure 1.2) links ecological and environmental outcomes to 
economic benefit, and thus can form the basis of such an integrated assessment. 
Ecosystem services can be broadly grouped into ‘provisioning services’ such as food and water; ‘regulating services’ 
such as regulation of floods, drought, land degradation and disease; and ‘cultural services’ such as recreational, spiritual, 
religious and other nonmaterial benefits. Earlier frameworks such as the Millennium Ecosystem Assessment (MEA) 
include a fourth category, ‘supporting services’, which includes soil formation and nutrient cycling. However, valuation of 
supporting services poses a double-counting risk (Boyd and Banzhaf, 2006; Fisher and Turner, 2008; Wallace, 2008). 
Thus recent frameworks, including The Economics of Ecosystems and Biodiversity (TEEB) (2011), subsume supporting 
services and identify a fourth category of ‘habitat services’ which provide a final benefit in their own right.  
The first column of Table 1.1 lists 17 ecosystem services (adapted from Millennium Ecosystem Assessment, 2005) which 
fall within these four broad categories. Also shown is the relative magnitude of different ecosystem services provided by 
types of freshwater ecosystems (Millennium Ecosystem Assessment, 2005). Water is essential for human wellbeing. 
From the supply of drinking water to the sequestration of carbon and the recreation and tourism services provided by 
wetlands, people gain substantial benefit from healthy and functioning freshwater ecosystems (see Crossman et al. 
(2011) for a detailed discussion).  
These ecosystem services can be defined using attributes of quantity, quality, location and timing of flow (Brauman et al., 
2007). For instance, users of agricultural water supply have entitlements to a certain volume of water and expect water at 
a certain time and of sufficient quality for agricultural uses. By comparison, the attributes for the habitat services are less 
clearly defined (and the beneficiaries might not even be aware of the importance of the service until it is lost). The 
relationship of ecosystem services provided by freshwater ecosystems to these attributes and ecohydrologic processes 
is illustrated in Figure 1.3 (note that the term ‘hydrologic service’ in this figure is interchangeable with ‘ecosystem service’ 
as used in this report).  
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Table 1.1 Relative magnitude (per unit area) of ecosystem services supplied by different types of freshwater ecosystems 
  Types of freshwater ecosystems 
Ecosystem service Examples 
Permanent and 
temporary rivers 
and streams 
Permanent 
lakes, reservoirs 
Forested 
wetlands, 
marshes and 
swamps, 
including 
floodplains 
Provisioning services  
Food and fibre Production of fish, wild game, fruits, grains, fibres Ɣ Ɣ Ɣ 
Fresh water Storage and retention of water; provision of water for irrigation and for drinking Ɣ Ɣ  
Raw materials Production of timber, fuel-wood, peat, fodder, aggregates Ɣ Ɣ Ɣ 
Genetic materials Medicine, genes for resistance to plant pathogens, ornamental species    
Regulating services 
Climate regulation and 
air quality 
Regulation of temperature, precipitation, and 
other climatic processes; chemical 
composition of the atmosphere 
 Ɣ Ɣ 
Carbon sequestration Storage of carbon in biomass   Ɣ 
Wastewater treatment Retention, recovery and removal of excess nutrients and pollutants Ɣ Ɣ Ɣ 
Erosion prevention and 
maintenance of soil 
fertility 
Retention of soils and prevention of structural 
change (such as coastal erosion, bank 
slumping) 
Ɣ  Ɣ 
Moderation of extreme 
events Flood control, storm protection Ɣ Ɣ Ɣ 
Pollination Support for pollinators   Ɣ 
Biological control Regulating pests and vector-borne diseases   Ɣ 
Cultural services 
Spiritual and sense of 
place 
Personal feelings and wellbeing; religious 
significance Ɣ Ɣ Ɣ 
Recreational and mental 
health Opportunities for recreational activities Ɣ Ɣ Ɣ 
Aesthetic appreciation 
and cultural inspiration Appreciation of natural features Ɣ Ɣ Ɣ 
Tourism Opportunities for tourism Ɣ Ɣ Ɣ 
Habitat services 
Nursery Habitats for resident or transient species Ɣ Ɣ Ɣ 
Genetic diversity Gene pools for future commercial crops and livestock Ɣ  Ɣ 
Scale is low , medium Ɣ, to high Ɣ 
Adapted from Millennium Ecosystem Assessment (2005). The information in the table represents author expert opinion at broad 
scales, and there will be local and regional nuances in the relative magnitude of services supplied in the Basin. 
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Figure 1.3 Relationship of ecohydrologic processes to hydrologic services (equivalent to ecosystem services in this report) 
Source: Brauman et al. (2007) 
1.3 Objective of this report 
The objective of this report is to identify and quantify the ecological and ecosystem services benefits that are likely to 
arise from recovering 2800 GL/year of water for the environment in the Basin and, where possible, to elicit the monetary 
value of those benefits (Figure 1.4). The steps used to meet this objective are as follows: 
x estimate the response of ecosystems and components of water quality to changes in flow expected if 
2800 GL/year of water are recovered for the environment, as modelled by the MDBA (Chapters 3 and 4) 
x calculate the incremental changes in the supply of ecosystem services under the 2800 scenario relative to the 
baseline scenario (Chapters 3, 4, 5 and 6) 
x elicit the monetary value of the incremental changes in the supply of ecosystem services under the 
2800 scenario relative to the baseline scenario (Chapter 6). 
Due to the lack of detailed process models and available data, it is not currently possible to quantify incremental changes 
in the supply of all ecosystem services and associated monetary values following a change in hydrology. This report 
uses best available models and data to quantify and elicit the monetary value of a subset of ecosystem services. Table 
1.2 indicates the subset of ecosystem services for which it was possible to quantify and elicit the monetary value. A 
qualitative estimate is provided where it is not possible to quantify the monetary value. 
Monetary valuation of the environment is challenging. Most challenging is eliciting the value of the more intrinsic 
perspectives of ecosystems, such as non-anthropocentric views of the right of nature to exist, or anthropocentric but 
difficult-to-value items such as the rights of future generations to experience nature and the environment. Readers of this 
report may therefore choose to look only at the biophysical and ecosystem service benefits arising from recovering 
2800 GL/year of water for the environment. In other words, readers may choose to skip over the monetary valuation 
results presented in this report if they are unhappy with the idea of the monetary valuation of nature. However, those 
readers should be aware that this report does not attempt to calculate a total value, but rather to calculate the change in 
monetary value under different management options (i.e. incremental changes in value, moving from the current 
hydrologic arrangements to those that recover an additional 2800 GL/year of water for the environment). 
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1.4 Detailed contents of this report 
A detailed list of contents of this report is provided in this section. Table 1.2 provides detail about the linkages between 
chapters in this report. 
Chapter 2 Methods 
This chapter: 
x provides an overview of the research approach, including the scale of analysis and the models and data used 
to estimate the value of incremental changes in the supply of ecosystem services under various flow scenarios 
x defines the scenarios used in this project. 
Chapter 3 Ecological benefits 
The purpose of this chapter is to investigate how the 2800, baseline and without-development scenarios of water 
availability affect freshwater ecosystems and their components, including provision of habitat for a range of organisms. 
These ecological outcomes are the basis for support of a range of ecosystem services (Table 3.1). The project modelled 
ecological responses for floodplain vegetation, waterbirds and native fish, as major components of ecosystems, as well 
as particular complete ecosystems, including the Coorong (Table 3.1). The chapter contains: 
x a synthesis of trends in ecological response variables, based on published long-term datasets, as an 
important part of the evidence base of the condition of flow-dependent ecosystems under the baseline 
scenario (see Chapter 2 for definition of scenarios) 
x an assessment of the potential ecological outcomes under the 2800 scenario, based on model outputs that 
compare ecological response variables under the without-development, baseline and 2800 scenarios. 
Chapter 4 Water quality benefits 
This chapter focuses on three major water quality issues: 
x acidification of the Lower Lakes due to low water levels 
x formation of cyanobacterial blooms in inland waterways due to persistent thermal stratification 
x occurrence of hypoxic blackwater events due to oxidation of accumulated carbon stores on floodplains during 
floodplain inundation. 
The water quality indices are calculated under the without-development, baseline and 2800 scenarios (Table 4.1), 
resulting in incremental changes in the supply of ecosystem services provided by fresh water under the three flow 
scenarios. 
Water quality is related to the ecosystem services provided by fresh water and could potentially be affected if 
2800 GL/year of water are recovered for the environment.  
Chapter 5 Ecosystem services 
An important part of this report is quantifying and mapping the biophysical components of ecosystem services and their 
dynamics in relation to freshwater ecosystems. As a first step, it is important to understand which biophysical and cultural 
data and indicators are available to provide a baseline for quantifying the ecosystem services supplied by freshwater 
ecosystems (e.g. wetlands, river channels) in the Murray–Darling Basin. This chapter: 
x documents the perception and understanding of ecosystem services amongst the wider community who have 
visited the Basin and who potentially benefit from these services 
x proposes indicators that are potentially useful for describing the magnitude and extent of the supply of 
ecosystem services 
x provides an initial audit of the supply of ecosystem services from freshwater ecosystems in the Basin using 
the framework from The economics of ecosystems and biodiversity for local and regional policy makers 
(TEEB, 2011) 
estimates the incremental changes in the supply of ecosystem services under the 2800 scenario relative to the 
baseline scenario. 
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Chapter 6 Economic benefits 
Chapters 3, 4 and 5 estimate incremental changes in the supply of ecosystem services under the 2800 scenario relative 
to the baseline scenario in the Murray–Darling Basin. Chapter 6 elicits the monetary value of these incremental changes 
using a number of economic valuation techniques (revealed and stated preference, damage cost avoidance and benefit 
transfer (Table 6.1)). Specifically this chapter: 
x calculates the incremental changes in the supply of ecosystem services that are not calculated in Chapters 3, 
4 or 5 – namely for the ecosystem services of food and fibre (fishing, Section 6.3.2), moderation of extreme 
events (Section 6.7), aesthetic appreciation and cultural inspiration (Section 6.8) and tourism (Section 6.9) 
x identifies those incremental changes in the supply of ecosystem services that can be valued using monetary 
valuation techniques 
x elicits the monetary value of these incremental changes under the 2800 scenario relative to the baseline 
scenario, both from new research commissioned for this project and from previous valuation research 
x explains caveats and cautions in using these results 
x identifies research gaps.  
This project does not estimate the full cost of recovering 2800 GL/year of water for the environment.  
Chapter 7 Conclusion 
The purpose of this chapter is to: 
x summarise succinctly the key findings presented in this report 
x discuss the challenges faced in arriving at the results 
x outline areas where further research is required. 
 
 
Figure 1.4 In this project, the ecosystem services framework was used to quantify the multiple benefits of recovering 
2800 GL/year of water for the environment 
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Table 1.2 Ecosystem services analysed in this report, including (where relevant) the methods and models used to estimate 
incremental changes in the supply of ecosystem services and the subsequent monetary value of those changes. The scale of 
analysis, the flow scenarios modelled and the relevant section in the report are listed 
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2 Methods
This chapter:
x provides an overview of the research approach, including the scale of analysis and the models and data used 
to estimate the value of incremental changes in the supply of ecosystem services under various flow scenarios
x defines the scenarios used in this project.
2.1 Research approach
The first interim report delivered by this project (Crossman et al., 2011):
x clearly articulated the importance of ecosystem services in linking ecological and environmental outcomes to 
the economic benefits of recovering more water for the environment in the Murray–Darling Basin
x clearly articulated the consequences of continuing with the current levels of diversions by reporting in detail 
the decline in ecological condition under the baseline scenario relative to the without-development scenario
x described the salinity and broader hydrologic implications of the proposed Basin Plan.
The objective of this final report is to identify and quantify the ecological and ecosystem services benefits that are likely 
to arise from recovering 2800 GL/year of water for the environment in the Basin and, where possible, to elicit the 
monetary value of those benefits. The ecosystem services framework (Crossman et al., 2011; Figure 1.4 in Chapter 1)
was used to meet the objective of this report.
Freshwater ecosystems support many ecosystem services in the Basin and contribute substantially to human wellbeing, 
including via the provision of fresh water for consumptive uses, carbon sequestration, habitat for species, and 
opportunities for recreation, tourism, cultural inspiration and spiritual fulfilment. The integrity and quality of these 
ecosystem services are inextricably linked to the state of underlying biophysical conditions – partly determined by flow. 
Ecosystem services provide economic and social benefits that can be estimated in monetary and non-monetary terms. If
the Basin is managed so that the underlying biophysical conditions are improved (as is intended by recovering 
2800 GL/year of water for the environment), the supply of ecosystem services will increase as will the associated 
monetary and non-monetary value to society.
It is important to acknowledge that there are costs associated with recovering 2800 GL/year of water for the environment. 
The Murray–Darling Basin Authority (MDBA) has commissioned a number of studies into the costs. The costs of 
recovering 2800 GL/year of water for the environment have been estimated by the Australian Bureau of Agricultural and 
Resource Economics and Sciences (ABARES) as a AU$542 million reduction in the gross value of irrigated agricultural 
production across the Basin in the long term (MDBA, 2011a). These costs include the offsetting impact of infrastructure 
investment under the Australian Government’s Water for the Future initiative. A detailed comparison of the many studies
commissioned by MDBA into the costs associated with recovering 2800 GL/year of water for the environment is available 
in KPMG (2011).
In this report, the other side of the ledger is accounted for: the potential benefits from recovering 2800 GL/year of water 
for the environment. Table 1.2 in Chapter 1 summarises the methods, including the ecosystem services analysed, the 
flow scenarios modelled, the scale of analysis, and the biophysical models and monetary valuation techniques used to 
measure and value incremental changes in the supply of ecosystem services. The rest of this section provides additional 
detail on the research approach.
Data from the without-development, baseline and 2800 scenarios were acquired from the MDBA. The scenarios are 
described in Section 2.3.
The hydrologic consequences of changes in flow under the three flow scenarios were summarised for input into models 
that calculate the benefits of recovering 2800 GL/year of water for the environment, particularly in relation to the 
ecosystem services of habitat (Chapter 3) and fresh water (Chapter 4).
In Chapter 3 are reported the ecological interpretations of the achievement (or not) of the environmental water 
requirement targets in relation to the ecological outcomes.
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Complementing the analysis of ecological benefits is an audit of natural capital data and supply of ecosystem services in
the Basin and a survey of the wider public on their understanding and perceived importance of ecosystem services (both 
presented in Chapter 5). The survey of public understanding documents how potential beneficiaries of ecosystem 
services in the Basin view the concept of ecosystem services and identifies which ecosystem services are generally most 
important to people. The audit provides a first estimate of the magnitude of supply of the main ecosystem services 
associated with freshwater ecosystems – the first attempt to do so across the whole Basin. Chapter 5 also assesses the 
differences in mean annual flow under the 2800 scenario relative to the baseline scenario in each Basin Plan region. 
Chapters 3, 4, 5 and 6 also estimate incremental changes in the supply of ecosystem services, which is defined as the 
difference in the supply of an ecosystem service under the 2800 scenario relative to the baseline scenario. Quantifying 
these incremental changes requires robust models that can estimate the supply of each ecosystem service under each 
of the flow scenarios. Chapters 3 and 4 quantify incremental changes in the supply of a subset of ecosystem services in 
selected Basin Plan regions where reliable and defensible models and data exist, namely for the ecosystem services of:
x habitat (Chapter 3)
x fresh water (Chapter 4).
Incremental changes in the supply of the following other ecosystem services are calculated in Chapter 6:
x food and fibre (fishing) (Section 6.3.2)
x moderation of extreme events (Section 6.7)
x aesthetic appreciation and cultural appreciation (Section 6.8)
x tourism (Section 6.9).
Section 5.5 provides both quantitative and qualitative estimates of the incremental changes in ecosystem services that 
are reported in the audit (Section 5.4). Quantitative incremental changes are provided in Section 5.5.1 for the following 
ecosystem services:
x food and fibre (gross value of irrigated agricultural production)
x fresh water (agricultural water use)
x carbon sequestration
x erosion prevention and maintenance of soil fertility
x nursery.
Qualitative estimates (Section 5.5.2) for the remaining ecosystem services are provided where quantitative estimates are 
not defensible.
Finally, Chapter 6 elicits the monetary value of the incremental changes in the supply of the following ecosystem services 
under the 2800 scenario relative to the baseline scenario:
x food and fibre (gross value of irrigated agricultural production) (Section 6.3.1)
x food and fibre (fishing) (Section 6.3.2)
x fresh water (Section 6.4)
x carbon sequestration (Section 6.5)
x erosion prevention and maintenance of soil fertility (Section 6.6)
x moderation of extreme events (Section 6.6.2)
x aesthetic appreciation and cultural inspiration (Section 6.8)
x tourism (Section 6.9)
x habitat (both nursery and genetic diversity) (Section 6.10).
A number of monetary valuation techniques – including hedonic price modelling, travel cost, market transactions and 
benefits transfer – were used to calculate monetary value.
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2.2 Scale
The hydrologic modelling, ecological modelling and quantification of ecosystem services were conducted at various 
scales (see Table 1.2 in Chapter 1). These various scales were used to be commensurate with the input data and 
models.
At the finest scale, the hydrologic flow data were recorded at 18 hydrologic indicator sites for key environmental assets 
(Table 1.2).
At the broadest scale, the quantification of indicators of ecosystem services was calculated for the 19 Basin Plan regions 
(Table 1.2). This scale was selected because it provides a landscape perspective on ecosystem services.
All of the remaining work – including the analysis of freshwater-related water quality, habitat-related ecology, and 
monetary valuation – was conducted at various scales depending on the input data or models (Table 1.2). However, 
where possible, the final monetary valuation is reported at the scale of the19 Basin Plan regions for ease of interpretation 
and communication. 
2.3 Modelled hydrologic and water management scenarios
2.3.1 River system models
This section summarises key aspects of the hydrologic models and data used in this project. Extensive use was made of 
modelled hydrologic data prepared by the MDBA in preparing the proposed Basin Plan.
The hydrologic modelling used river system models that model the surface water resources of a catchment. The MDBA 
used a collection of linked regional river system models as listed in Table 2.1, configured either by the MDBA or by 
relevant state government agencies. MDBA (2011b) provided a detailed description of model configuration. The various 
regional sub-models were linked together across the Basin using the Integrated River System Modelling Framework. 
Note that the Paroo, Lachlan and Wimmera regional models do not contribute flow to downstream models. This is 
because flow from these valleys to those downstream is rare and the transmission losses between each of these 
systems and the downstream receiving water bodies are not well known.
The river system models were driven using observed climate data for a 114-year simulation period extending from 
1 June 1895 to 30 June 2009. However, the initial 30 days were used as a model spin-up period (where simulated water 
levels in the main storages and flow rates in the rivers were stabilising) and the output data from this spin-up period were
not generally analysed. The model results represent simulation of a given water management scenario under the climate 
conditions that occurred during the 114-year simulation period. This approach is distinct from modelling the actual state 
of the catchment as it evolved from 1895 to 2009. The latter would involve modelling the increasing number of flow 
regulation structures over time and the changing water management arrangements across the Basin over time. In 
contrast, the approach adopted here assumed a consistent suite of flow regulation structures and water management 
practices for the duration of the simulation period. The modelled results thus allow for characterisation of the Basin’s 
responses across the climatic regime encapsulated by the 114-year simulation period, under different management 
scenarios. The models – and any subsequent analysis – allow an examination of how different management strategies 
would perform over the 114-year simulation period had they been in place from 1 June 1895 and persisted through to 
30 June 2009.
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Table 2.1 River system models used in the Murray–Darling Basin
Basin Plan regions Model name Model type Time step Responsible jurisdiction
Barwon–Darling Darling (DARL) IQQM Daily NSW
Border Rivers
Macintyre Brook (BRIV) IQQM Daily QLD
Border Rivers (MACB) IQQM Daily QLD and NSW
Campaspe Goulburn–Broken Simulation Model (GBSM) REALM Monthly Vic.
Condamine–Balonne
Upper Condamine (UCON) IQQM Daily QLD
Mid Condamine (MCON) IQQM Daily QLD
Nebine (NEBI) IQQM Daily QLD
St-George (STGE) STGE Daily QLD
Lower Balonne (LBON) IQQM Daily QLD
Goulburn–Broken Goulburn–Broken Simulation Model (GBSM) REALM Monthly Vic.
Gwydir Gwydir (GWYD) IQQM Daily NSW
Lachlan Lachlan (LACH) IQQM Daily NSW
Loddon Goulburn–Broken Simulation Model (GBSM) REALM Monthly Vic.
Lower Darling
Murray Simulation Model (MSM) MSM Monthly MDBA
BigMod BigMod Daily Daily
Macquarie–Castlereagh Macquarie (MACQ) IQQM Daily NSW
Moonie Moonie (MOON) IQQM Daily QLD
Murray
Murray Simulation Model (MSM) MSM Monthly MDBA
BigMod BigMod Daily Daily
Murrumbidgee
Upper Murrumbidgee Without Development (NUBI) IQQM Daily NSW
Upper Murrumbidgee Development (UBID) IQQM Daily NSW
Murrumbidgee (BIDG) IQQM Daily NSW
Namoi
Peel (PEEL) IQQM Daily NSW
Namoi (NAMO) IQQM Daily NSW
Paroo Paroo (PARO) IQQM Daily QLD
Warrego Warrego (WARR) IQQM Daily QLD
Wimmera–Avoca Wimmera (WIMM) REALM Monthly Vic.
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2.3.2 Scenarios
Three scenarios were provided by the MDBA and used for this project. These scenarios are defined in Table 2.2. MDBA 
supplied the 2800 scenario to CSIRO on 15 September 2011 as run # 846. The 2800 scenario is similar – but not 
identical – to the BP-2800 scenario used by the MDBA in its hydrologic modelling report (MDBA, 2012), prepared as part 
of the development of the Basin Plan. The flow scenarios are similar to the data used by the MDBA in the development 
of its Basin Plan and are used in this report to ensure the benefits calculated are the most relevant to the Basin Plan.
Flow under the three scenarios is plotted in Figure 2.1 for four key sites: Tocumwal, Maude, Weir 32 and the Barrages.
The without-development scenario is modelled flow in the absence of dams, diversions and environmental works and 
measures. It is useful for estimating the impact of river regulation and water resource development and the extent to 
which the flows are restored under the 2800 scenario.
The baseline and 2800 scenarios enable an assessment of environmental effects in the absence or presence, 
respectively, of more environmental water being potentially available. It is important to note that the 2800 scenario used 
in this project represents just one of many ways to recover a certain volume of water for the environment. Recovering 
2800 GL/year of water of the environment – as represented in the hydrologic flow scenarios supplied by MDBA – could 
be operationalised in many different ways by changing parameters of the many river systems models that characterise 
the hydrology of the Basin. Different representations of water management rules and operational practices in the river 
models may result in different ecosystem service benefits given the same input of 2800 GL/year.
Two key characteristics are evident in the 2800 scenario relative to the baseline scenario. The first is that more water 
flows through to the end of the system. For example, the mean annual flow over the Barrages and into the Coorong 
increases from 4862 GL/year under the baseline scenario to 6838 GL/year under the 2800 scenario (Table 2.3). Mean 
annual end-of-system flows in the Murrumbidgee River, for example, are also higher under the 2800 scenario relative to
the baseline scenario. The second characteristic that changes under the 2800 scenario is a modest increase in peak flow 
rates for floods occurring roughly once every 2 to 5 years for some river reaches (Figure 2.2). This reflects the objective 
of re-establishing a more natural floodplain inundation regime under the 2800 scenario.
Table 2.2 Scenarios for the CSIRO Multiple Benefits of the Basin Plan Project
Scenario name Scenario description
without-development 
scenario
Modelled flow over the 114-year simulation period (from 1895 to 2009) is configured by removing from the model 
the effects of dams, environmental works infrastructure and all consumptive uses, such as irrigation, town water 
supply and industrial water uses. Flow data have not been corrected for landuse changes and on-farm 
development. 
baseline scenario
Modelled flow over the 114-year simulation period (from 1895 to 2009) under June 2009 water management 
arrangements. This is the Cap on development for all states, agreed by the Murray–Darling Basin Ministerial 
Council, unless current water sharing plans (like those of New South Wales) are for lower usage than the Cap. 
Water recovery under The Living Murray and Water for Rivers programs is included in the baseline scenario. 
Water recovery under other programs is not included in the baseline scenario (e.g. the Sustainable Rural Water 
Use and Infrastructure program, Restoring the Balance in the Murray–Darling Basin program, New South Wales 
Government River Environmental Restoration program, and Northern Victorian Irrigation Renewal program). 
Complete details of what constitutes June 2009 water management arrangements can be found at:
<http://www.mdba.gov.au/files/bp-kid/1584-Comparison-of-BP-diversions-with-published-numbers_v5.pdf>.
2800 scenario
Modelled flow over the 114-year simulation period (from 1895 to 2009) under June 2009 water management 
arrangements adjusted for a 2800 GL/year reduction in watercourse diversions Basin-wide. This flow scenario 
includes the Basin-wide distribution of the sustainable diversion limits that recover 2800 GL/year of water for the 
environment, as well as the river management and operation arrangements for using this additional 
2800 GL/year of entitlements (as they have been implemented by the MDBA in the river system models). The 
2800 GL/year of water will be recovered for the environment using market purchases of existing water licences 
and investments in more efficient irrigation infrastructure. The total water recovered for the environment is spread 
across the regions of the Basin. The actual contribution by individual valleys to the shared reduction, however,
will depend on the outcomes of water recovery programs.
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Table 2.3 Annual flow summary statistics under the without-development, baseline and 2800 scenarios at four key locations.
Annual values were calculated using a July to June water year
Without 
development
Baseline 2800
GL/year
Murray River at Tocumwal
Minimum 933 1,680 1,824
Median 5,904 4,036 4,861
Mean 6,303 4,954 5,451
Maximum 17,545 15,869 16,739
Murrumbidgee River at Maude Weir
Minimum 298 341 443
Median 2,854 1,109 1,722
Mean 3,146 1,536 2,047
Maximum 8,315 7,168 7,393
Darling River at Weir 32 (Menindee)
Minimum 115 37 78
Median 1,944 500 535
Mean 2,780 1,281 1,426
Maximum 16,061 14,859 15,107
Murray River (flow over the Barrages)
Minimum 305 0 490
Median 10,647 3,154 5,484
Mean 11,668 4,862 6,838
Maximum 48,310 41,214 42,839
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Figure 2.1 Annual volumes under the without-development, baseline and 2800 scenarios at (a) Tocumwal, (b) Maude Weir, 
(c) Weir 32 and (d) the Barrages  
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(a) Murray River at Tocumwal (b) Murrumbidgee River at Maude Weir 
 
(c) Darling River at Menindee Weir 32 (d) Flow over the Barrages 
 
Figure 2.2 Flood frequency curves for four key locations under the without-development, baseline and 2800 scenarios. These 
curves show the peak daily flow associated with floods of different return periods. The thick lines show flood frequency 
curves fitted to the data and the thin lines indicate 95 percent confidence intervals around the fitted values 
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3 Ecological benefits
The purpose of this chapter is to investigate how the 2800, baseline and without-development scenarios of water 
availability affect freshwater ecosystems and their components, including provision of habitat for a range of organisms.
These ecological outcomes are the basis for support of a range of ecosystem services (Table 3.1). The project modelled 
ecological responses for floodplain vegetation, waterbirds and native fish, as major components of ecosystems, as well 
as particular complete ecosystems, including the Coorong (Table 3.1). The chapter contains:
x a synthesis of trends in ecological response variables, based on published long-term datasets, as an 
important part of the evidence base of the condition of flow-dependent ecosystems under the baseline 
scenario (see Chapter 2 for definition of scenarios)
x an assessment of the potential ecological outcomes under the 2800 scenario, based on model outputs that 
compare ecological response variables under the without-development, baseline and 2800 scenarios.
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Table 3.1 Ecosystem services analysed in this chapter (plum outline), including the methods and models used to estimate 
incremental changes in the supply of ecosystem services. The scale of analysis, the flow scenarios modelled and the relevant 
section in the chapter are listed 
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3.1 Key findings
x Short-term datasets on ecosystem condition have previously been used to develop the case for change in the 
Murray–Darling Basin. Seventy-three long-term datasets (average 23 years) were analysed in this project to 
determine ecological trends. Patterns of decline pre-date the millennium drought. The driver of decline is likely 
to be the result of multiple stressors over several decades. These include several severe droughts, water 
resource development and overallocation, and overharvesting of fisheries and floodplain timber resources.
x Under the 2800 scenario, inundation of forests on lower and mid-floodplains of the River Murray increases.
The areas flooded by the 1-in-2-year and 1-in-5-year recurrence interval floods increase by 27% and 11%,
respectively. These increases primarily benefit lignum shrubland, then river red gum forest and woodland, and 
are of least benefit to black box woodland which occurs on higher level locations. Meeting vegetation habitat 
requirements in the Lower Murrumbidgee River Floodplain, Macquarie Marshes and Narran Lakes improves 
under the 2800 scenario relative to the baseline scenario. Nevertheless, higher elevations of River Murray 
floodplains see little improvement in flood inundation under the 2800 scenario because of constraints to 
providing large flood discharges, and thus the river red gum and black box communities in those locations are 
likely to remain vulnerable.
x The 2800 scenario benefits native fish that prefer high flows for recruitment. These species include Macquarie 
perch, golden perch and silver perch. These benefits are highest in the lower Murray River, but habitat 
conditions still have a median of below 0.5 (on a scale of 0 to 1). Model outcomes for species that recruit in 
low-flow conditions during warmer periods of the year improve little under the 2800 scenario, but median 
scores for the majority of sites, including under the baseline scenario, are above 0.8. There are many other 
stresses on native fish, such as barriers to movement, competition from pest species, loss of structural habitat
and declines in water quality, so complementary measures to improved flow management will also be 
required.
x The frequency of small breeding events for colonial nesting waterbirds increases under the 2800 scenario.
There is little or no increase in the frequency of large breeding events, particularly in the southern Basin.
Breeding responses partly depend on inter-decadal variation in climate and inflows. During periods of high 
inflows (mid-1950s and 1970s), the frequency of waterbird breeding at some locations under the 
2800 scenario increases to levels approaching that under the without-development scenario. During periods of 
low inflows (1940s, 1960s, 2000s) breeding frequency does not increase above that under the baseline 
scenario.
x There are important ecological benefits for the Coorong under the 2800 scenario, including a reduction in 
frequency of hypersaline periods, and the proportion of years spent in ‘degraded hypersaline’ and ‘unhealthy 
marine’ ecosystem states.
x The magnitude of ecological change is relatively consistent across ecological response models and groups of
response variables (floodplain vegetation, floodplain spawners and Macquarie perch, waterbirds, the Coorong)
for those parts of the Basin covered by the ecological response models. While there is considerable 
uncertainty around how flows lead to successful ecological outcomes, the consensus of the evidence 
presented in this chapter is that there will be a benefit to ecological response variables by recovering water for
the environment. The magnitude of these benefits are highest to ecological communities whose maintenance 
and reproductive processes are supported by flooding of low-elevation floodplains and by improved conditions 
in the Coorong, particularly in drought periods. Operational constraints would need to be overcome to provide 
benefits to ecological communities on mid- and high-level floodplains. To improve our confidence in predicting 
the significance of and scale of change across a wider set of response variables, future research needs to 
build on our understanding of the relationships between flow and ecology.
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3.2 Introduction
In determining an environmentally sustainable level of take, the MDBA developed a method which defined a set of local 
environmental objectives and ecological targets that reflect the Basin-wide environmental objectives and targets of the 
Basin Plan, and the hydrological–ecological relationships required to sustain the Basin’s water-dependent ecosystems 
and ecosystem services (MDBA, 2011a; p. vi). On this basis, environmental water requirements are described at key 
locations within the Basin (MDBA, 2011a; p. vi), referred to as hydrologic indicator sites. The fundamental principle of the 
approach used by the MDBA is the ‘reinstatement of ecologically significant parts of the flow regime to a level that 
provides broad outcomes required to support key environmental assets, key ecosystem functions, the productive base, 
and key environmental outcomes’ (MDBA, 2012; p. 32). These environmental water requirements are then used in 
hydrologic models to establish water demands at a site targeting specific aspects of the flow regime, where these 
demands are intended to represent the broader environmental flow requirements of river valleys and reaches (MDBA,
2011a; p. 18). The use of environmental water requirements to specify demands in hydrologic models is documented in 
MDBA (2012). The assessment of environmental water requirements is not intended to predict or model the magnitude of 
ecological change likely to occur given a flow scenario. In this chapter, ecological response models have been used to 
assess the magnitude of change between the without-development, baseline and 2800 scenarios. This approach 
complements the assessment undertaken by the MDBA in MDBA (2011a; 2012).
It is important to note that the coverage of modelled ecological response variables across the Basin Plan regions is 
constrained by the availability of fit-for-purpose models that are currently operational and validated and require no 
additional development. These models need to be able to run using site-specific or valley-specific input data from the 
flow scenarios detailed in Chapter 2, and generate comparisons in ecological responses under each of the scenarios.
Several models were evaluated but not used because they did not meet one or more of these criteria. Outputs of models 
that were used are typically in the form of indices of habitat suitability or reproductive events or distribution, and therefore 
relate directly to habitat ecosystem services. There are no population-based models for floodplain vegetation, waterbirds 
and fish in the Basin that meet these criteria, and the models used here are site-specific or region-specific. 
Consequently, it has not been possible to directly model certain ecological responses at whole-of-Basin scale that may 
be of considerable interest to a broad range of stakeholders, such as changes in populations of carp and other invasive 
species, regeneration versus mortality of floodplain trees, or changes in abundance and species-richness of native fish.
This chapter assesses potential changes in ecological outcomes for certain flow-dependent plants and animals, including 
floodplain vegetation communities, waterbirds and native fish, as well as for some hydrologic indicator sites for key 
environmental assets including the Coorong, specific floodplains, wetlands and rivers (shown in Figure 2.1).
3.2.1 Flow-dependent ecosystems and their ecological significance
The ecological character of the flow-dependent ecosystems in the Basin is that they are adapted to the natural pattern of 
wetting and drying brought about by the long-term aridification of the Australian continent (Byrne et al., 2008; Cohen et 
al., 2011). Floodplain ecosystems are dependent upon alternating flooding and drying in order for critical ecosystem 
processes to occur (Colloff and Baldwin, 2010). This so-called ‘boom and bust’ ecology (Bunn et al., 2006) is a defining 
characteristic of Australian flow-dependent ecosystems in the arid and semi-arid zone, in which most of the Basin is 
contained. But in recent times, the combined effects of water resource development, river regulation, drought and 
possibly the impacts of climate change have resulted in increasing pressure on flow-dependent ecosystems of the Basin
and a decline in their condition. Understanding changes in lateral and longitudinal interactions between the channel and 
the floodplain are critical for understanding the ecological changes caused by river regulation. Connectivity between river 
channels, wetlands, floodplains and groundwater system is essential to the viability of many flow-dependent species 
(Bunn and Arthington, 2002). In-channel variation in flows provides for habitat complexity, and native fish have evolved 
life histories specific to flow regimes where the change in flow acts as a spawning trigger. There are compelling 
ecological, social, economic, cultural, ethical and statutory reasons for ensuring the wellbeing of flow-dependent 
ecosystems in the Basin. The national and international conservation significance of flow-dependent ecosystems is 
underpinned by treaties to which Australia is a signatory, including the Ramsar Convention, the Convention on 
Biodiversity, the Convention on Migratory Species, and bilateral agreements on migratory birds with Japan, China and 
South Korea. Basin flow-dependent ecosystems support critical habitat for large populations of migratory birds as part of 
the Asian–Australasian flyway, including the Coorong and Lower Lakes. The Basin contains over 200 wetlands of 
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national importance, including 16 Ramsar sites (SEWPaC, 2011). These wetlands provide habitat to support significant 
parts of the global populations of migratory waterbirds as well as fauna and flora found nowhere else on Earth, including 
many rare and endangered species.
3.2.2 Rationale for ecological recovery
The ecological condition of flow-dependent ecosystems in the Basin is widely considered to be poor and in decline due to 
river regulation and water resource development, historical effects of various landuse practices such as grazing,
overharvesting of timber and fisheries, the effects of invasive species, and the impact of the recent prolonged drought. 
Less water is likely to be available in the future for the environment because of climate change (CSIRO, 2008).
A primary objective of the Basin Plan is to ‘achieve a healthy working Basin, which will include a healthy environment, 
strong communities and a productive economy, through integrated management of the water resources of the
Murray–Darling Basin’ (MDBA, 2011b, p. 16). A key component of the Plan is to provide for the establishment and 
enforcement of environmentally sustainable limits on the quantities of surface water and groundwater that can be taken 
from Basin water resources (MDBA, 2011a, p. iv). Under the requirements of the Water Act 2007 (Cwlth), obligations
under international agreements, and the objectives of water reform processes, the task for MDBA in setting an 
environmentally sustainable level of take includes taking into account: the water required to provide for the ecological 
values (e.g. biodiversity) and ecosystem services of the Basin (e.g. provision of ‘fit for purpose’ water quality; and the 
socioeconomic benefits of water resource use, and the impacts of any reduction in take (MDBA, 2011a, p. v).
To protect and restore water-dependent ecosystems, surface water and groundwater-dependent ecosystems of high 
conservation value require identification and management to redress overallocation and recover water for the 
environment. This process is being implemented by regional, state and Commonwealth bodies, with the Basin Plan being 
an integral of this. Successful implementation requires an understanding of the relationships between changes in water 
availability and the condition and responses of flow-dependent ecosystems. The knowledge required for implementation 
includes existing scientific information, as well as the collection of new data during monitoring programs, as part of an 
adaptive planning cycle (MDBA, 2011a, p. ix).
Flow regimes are the drivers of the ecology of rivers, wetlands and floodplains. Rainfall, topography, geology, vegetation 
and landuse modify patterns of flow at various spatial and temporal scales and ecological responses to flows reflect 
these factors (Walker et al., 1995; Puckridge et al., 1998). Restoring water to the environment is a fundamental part of 
the process of maintaining, restoring and improving ecological condition of flow-dependent ecosystems. The natural flow 
paradigm states that to protect ecological integrity of rivers, the components of natural flow variability need to be 
mimicked (Poff et al., 1997; Arthington et al., 2006; Richter et al., 1997). Water drives basic ecological processes 
required to maintain the character and function of flow-dependent ecosystems. But water resource development is one of 
only several major stressors on ecological condition. And volume is only one of several elements of the flow regime to 
which flow-dependent ecosystems respond. Important drivers are changes in seasonal patterns of high and low flow, as 
well as depth, duration, frequency and clustering of floods (Overton et al., 2009). 
Restoration of elements of the flow regime that are critical for ecological responses (including rate of change and 
predictability of flow events, and the sequencing of such conditions) is needed to maintain and restore rivers and 
floodplains. While long-term changes in flow magnitude, duration, timing and frequency are thought to define physical 
habitat over sub-catchment to catchment spatial scales, short-term histories of hydrologic events are believed to 
influence habitats at reach to within-reach scales (Kennard et al., 2007).
Increasing volumes of water available to the environment on its own is not necessarily sufficient to ensure full, natural 
ecological recovery of degraded flow-dependent ecosystems, though few would argue that it is not an essential first step 
in the process. Arguably, many floodplain and wetland targets are unlikely to be met without large natural flow events,
such as occurred during 2010–11. Other targets may require less water, but at critical times. The key assumption made 
as part of the approach in the Basin Plan is that by focusing on water needs for key floodplains and wetlands, the 
volumes for other assets and ecological outcomes will be met.
At the asset site scale, where populations of flow-dependent organisms are depleted to the point where recovery is slow 
or unlikely without active restoration management, or the recovery trajectory uncertain, additional restoration 
interventions may be required. A critical part of within-asset interventions is the capacity to optimise the delivery of flow 
events so that they meet ecological requirements for seasonality, depth, duration and frequency. The flexibility to 
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undertake such asset-scale optimisation is likely to be considerably enhanced by catchment-scale increases in volumes 
of water available to the environment.
3.3 Long-term ecological trends in the Murray–Darling Basin
This section contains an assessment of trends derived from long-term ecological datasets of waterbirds, floodplain 
vegetation, fish, and changes in wetland area, as well as a case study on recent trends in ecological condition of the 
Coorong, Lower Lakes, and Murray Mouth. Such data are likely to provide the best-available evidence on cumulative 
change in condition of flow-dependent ecosystems in the Basin under the baseline scenario. The content of this section 
is an update of that presented in the interim report of this project (Crossman et al., 2011).
3.3.1 Ecological status versus ecological trends
A fundamental part of the assessment of ecosystem condition and response is the evaluation of existing scientific data 
on ecological status and trends. By ‘status’ (i.e. ‘current state’) we mean the ecological condition or character (and 
components thereof) of particular places or regions, assessed at one particular time, typically in relation to reference 
conditions either at a different place or against a scoring system. Examples of such data across multiple regions include 
the NSW 2010 State of the Catchments Reports (NSWOEH, 2010), the 2004–07 Sustainable Rivers Audit (Davies et al., 
2008; 2010) and the NSW Rivers Survey (Harris and Gehrke, 1997). By ‘trend’ we mean changes over time in 
components of ecological character or condition at particular places or regions. Obviously these kind of data also provide 
information on ‘current state’. No data on trends exist at a whole-of-Basin scale. Some is available for particular regions, 
ecological assets and river reaches. However, a repeat of the Sustainable Rivers Audit, due for publication in 2011 
(MDBA, 2010b), is likely to rectify this deficit, as will the NSW monitoring, evaluation and reporting strategy (including 
NSW State of the Environment and State of the Catchments reporting), due to be repeated triennially.
It is important to make a clear distinction between data on status and data on trends and what they can tell us about 
ecological condition. From the definitions above, data on status are typically spatially replicated (i.e. derived from several 
different localities or regions) and represent a ‘snapshot’ in time, so cannot be used to assess change empirically. A 
further limitation is that the assessment of ‘state’, based on a comparison with reference conditions or a scoring system,
can be subjective and open to interpretation. Data on trend are derived from one or more locations, are based on 
repeated sampling and measurements over several years, and are referred to as long-term monitoring. Also of value in 
determining trends, but of lower statistical rigour than long-term monitoring, is so-called ‘initial-final’ survey data, whereby 
two sets of measurements are made some years apart.
Long-term monitoring represents the best available source of data against which to evaluate changes in ecosystem 
character, condition and functions. Such data allow researchers and managers to determine baseline conditions against 
which impacts of disturbances can be evaluated and to assess the efficacy of management interventions. More detail on 
the value and characteristics of effective long-term monitoring is provided by Lindenmayer and Likens (2010).
Data on ecological status and trends form the basis of major environmental assessments such as the State of the 
Environment reporting process, and provide an important input to the adaptive planning cycle and the evaluation of 
return on investment in natural resource management. Yet the authors of all State of the Environment Reports have 
commented on the lack of data on trends and made recommendations for improvement of long-term monitoring and 
evaluation (State of the Environment Advisory Council, 1996; Ball et al., 2001; Beeton et al., 2006). For scientific 
evidence underpinning the Basin Plan, including that on ecological status and trends, ‘MDBA has used the best available 
science, but knows there are gaps and uncertainties’ (MDBA, 2011a, p. ix).
The repeated concern over lack of available data on trends in condition might appear hard to reconcile with the prevailing 
paradigm that flow-dependent ecosystems in the Basin are in poor condition and declining. This does not mean that the 
evidence base does not exist; only that it has not been collated and evaluated comprehensively. Authors of previous 
syntheses of condition reporting of flow-dependent ecosystems in the Basin (Ecological Associates, 2010; Gawne et al., 
2011) identified few datasets indicating long-term trends and drew heavily on status reports, particularly the Sustainable 
Rivers Audit. The lack of a comprehensive assessment of long-term trends creates uncertainty as to the evidence base 
for declining condition and the necessity for change. Such uncertainty is exemplified by the contrasting viewpoints of 
local communities in the Basin who appear to perceive most rivers and flow-dependent ecosystems are in reasonable 
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health; and the viewpoint of many scientists, managers, conservationists and staff in government agencies responsible 
for the environment who consider flow-dependent ecosystems to be in serious decline.
3.3.2 Synthesis of published data on trends in ecological condition
We based the synthesis of ecological condition on published reports containing long-term data on ecological response
variables (occurrence, abundance, biomass, species-richness, community composition). Data were in the form of time-
series (i.e. several samples) or ‘initial-final’ sampling designs (i.e. two sampling points some time apart). The minimum 
period for inclusion of studies was five years. The data on long-term ecological trends (Appendix B) represent most of the 
published data available. We have not considered unpublished datasets (cf. Overton et al., 2009 for a metadata 
catalogue) because we consider it important to focus on published, publicly-accessible datasets for reasons of 
transparency. Long-term trends in ecological condition are consistent with status reports at those assets and regions for 
which studies are available (Table 3.2). The ecological condition across the regions of the Basin is predominantly poor, 
and the predominant trend is one of decline, consistent with the NSW State of the Catchments Reports (NSWOEH, 
2010) and the Sustainable Rivers Audit (Davies et al., 2008; 2010). Table 3.2 contains a comparison of our assessment 
against that of the Sustainable Rivers Audit Ecosystem Health assessment for each region, taken from Davies et al. 
(2008; 2010), summarised in the SRA Ecosystem Health Check, 2004–2007 (MDBC, 2008a). The SRA ecosystem 
health assessment is a composite index consisting of condition assessments of fish, macroinvertebrates and hydrology 
at numerous sampling sites within each catchment over the period from 2004 to 2007 and does not provide information 
on long-term trend. 
Table 3.2 Summary of regional ecological status and trends in the Murray–Darling Basin based on long-term published 
datasets and comparison with Sustainable Rivers Audit Ecosystem Health Rating (Davies et al., 2008; 2010)
Basin Plan region*
Sustainable
Rivers Audit
ecosystem health 
rating
Fish Birds Vegetation Wetland area
Border Rivers Moderate 
Campaspe Very poor 
Condamine–Balonne Moderate 
Goulburn–Broken Very poor   
Gwydir Poor    
Lachlan Very poor  
Lower Darling Poor   
Macquarie–Castlereagh Very poor    
Murray Poor      
Murrumbidgee Very poor     
Namoi Poor 
Ovens Poor 
Paroo Good   
Whole-of-Basin Na  
* No datasets were found for Barwon–Darling, Eastern Mount Lofty Ranges, Loddon, Moonie, Warrego and Wimmera–Avoca regions
Status: = No status data available; = Declining, Poor; = Heavily depleted, Very poor. The spatial scale of original studies varies and 
status may refer to a site or sites within the region or the whole of the region. See Appendix B for details of each study.
Trend:  = Improved;  = Fluctuating, stable;  = Monotonic decrease;  = Step change decrease. Multiple trend symbols in a cell 
indicate that a range of trends are reported in the studies for that region. See Appendix B for details.
Blank cells indicate that no published studies are available for that region.
na – not applicable
Seventy-three published long-term datasets were identified: 1 on freshwater macroinvertebrates, 19 on fish, 20 on 
vegetation, 30 on birds and three on wetland area (Appendix B). We have not included long-term datasets on 
phytoplankton related to water quality and Cyanobacteria. Those collected as part of the River Murray Water Quality 
Monitoring Program were recently subject to detailed statistical analysis by Croome et al. (2011). The average duration 
of datasets is 23 years (range 6 to 67 years), spanning from 1939 to 2009 (Figure 3.1). The longest series is the change 
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in vegetation communities at Barmah–Millewa Forest based on aerial photography; then annual commercial catch 
returns from fisheries in the Murray and Murrumbidgee. The frequency of data points in the time-series varies between 
every eight days for satellite imagery of native vegetation to approximately once a decade for aerial photography of 
vegetation changes at Barmah Forest. Some 67 datasets are from specific regions and the remaining six are Basin-wide 
or from the portion of the Basin in New South Wales.
Figure 3.1 Distribution of durations of long-term ecological datasets reported in Appendix B, compared with annual inflows to 
the Murray–Darling Basin and periods of drought
Green = vegetation datasets, dark blue = fish, red = birds, light blue = wetland area. Dotted lines = initial-final studies. Grey = drought 
periods. Black dashed line = long-term average Basin inflow.
Of the 67 region-specific datasets, 18 are from regions of the northern Basin, 49 from the south. Some 48% are from 
the Murray and Murrumbidgee regions, 8% from the Lower Darling, 7% each Macquarie–Castlereagh; Gwydir and 
Paroo and 5% Goulburn–Broken. No datasets have been found for the Warrego, Moonie, Barwon–Darling, Loddon, 
Wimmera–Avoca and Eastern Mount Lofty Ranges regions.
Some 43 of the 73 datasets (59%) showed declining trends in ecological response variables as reported by the authors. 
A further 27 (37%) showed considerable variation and no apparent trend. Only three showed an increase, but two of 
these related to the spread of invasive species. The only study that showed a change that could be considered related to 
ecological improvement was an initial-final study that showed more native species and fewer exotic species of fish in the 
final sample (Crook and Koster, 2006). Step-change decreases in ecological response variables were apparent in four
datasets; three for fish and one for birds; biomass of catfish and silver perch in the Darling (Reid et al., 1997), biomass of 
catfish in the Murrumbidgee (Gilligan, 2005); and waterbird breeding on the Gwydir Wetlands (Spencer, 2009).
The overwhelming pattern from long-term ecological datasets is of steady, gradual decline or of no significant change. 
Where no change is apparent in the response variable, the ecosystem from which the variable was derived was already 
considered degraded in many cases. Patterns of decline pre-date the millennium drought.
There are multiple underlying pressures in addition to changes in flows, including over exploitation of fisheries (Reid et 
al., 1997; Gilligan, 2005), grazing pressure (Lunt et al., 2007) and extreme temperature anomalies (Sims et al., 2009). 
Other pressures include land clearing and timber harvesting, barriers to fish passage, cold water pollution and water 
quality. An assessment of major pressures for wetland and riverine ecosystems for each NSW catchment is included in 
the NSW State of the catchments report (NSWOEH, 2010). Synergistic interactions of pressures are likely, and even 
when the pressure is removed, other factors may constrain the rate and extent of ecological recovery (Lunt et al., 2007). 
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There are a few restrictions and cautions regarding the various datasets. Commercial catch returns ideally should be by
catch per unit effort rather than the total weight of the catch (Reid et al., 1997; Brown, 1994). Data on Normalised 
Difference Vegetation Index (NDVI) as a measure of vegetation growth or vigour (Sims et al., 2009), show considerable 
seasonal and inter-annual variation and were collected over a period coinciding with the millennium drought The same 
caution applies to the data on river red gum canopy cover from Booligal Wetlands (Armstrong et al., 2009) and river red 
gum stand condition along the Victorian side of the River Murray (Cunningham et al., 2009). The ready availability of 
long-term gauge data of river discharges makes the analysis of hydrologic change a relatively straightforward process in 
comparison with analysis of ecological change. Alterations in flow regime due to river regulation and water resource 
development have been invoked as the driver for ecological change by assuming cause rather than by statistically-
defensible inference. Evidence of decline in ecological condition is sometimes linked to changes in flows as an implicit 
assumption rather than as a testable hypothesis. Where hydrologic data are represented as changes in inundation of a 
floodplain or wetland (as measured by change in frequency, depth, duration, extent and seasonality), and where specific 
hydrologic threshold requirements for components of the ecosystem are known (e.g. waterbird breeding, persistence of 
aquatic vegetation communities), it may seem reasonable to infer that change in flow and flood regimes will translate into 
ecological change (e.g. Kingsford and Thomas, 1995; 2004; Bowen and Simpson, 2010a, 2010b). It is entirely another 
matter to assert that ecological change is permanent and irreversible.
Many authors invoke climate variables, river regulation, water resource development and altered flow regimes as the 
underlying pressures that drive the response variables, but relatively few have undertaken the necessary statistical 
analysis to infer a causal relationship. For those that do (e.g. Bren, 1992; Kingsford et al., 1999; Leslie, 2001; Kingsford 
and Auld, 2005; Humphries et al., 2008; Rogers and Paton, 2009; Stokes et al., 2010a; 2010b), the case for a causal 
association between altered flows and altered ecology is compelling, particularly where reductions in flow are linked to 
permanent reductions in available freshwater habitat and where there has been an incremental increase in cover of 
terrestrial plant species, as at Macquarie Marshes and Barmah–Millewa Forest.
Variation in condition of floodplain vegetation, particularly tree health, shows considerable seasonal and inter-annual 
variation in response to drought and floods. It is not clear from many of the studies whether variation in ecological 
responses fall within or outside those expected under the range of flow variation within the Basin, and whether any 
ecological change outside that range is irreversible. Lag times for ecological recovery vary considerably, depending on 
the ecological response variable. Consistent, long-term, incremental alteration in habitat availability and ecological 
character of a freshwater ecosystem represents the strongest link to alteration in flow.
In summary, a large number of studies show similar patterns of decline. This indicates, with a high degree of confidence,
that the overall picture from the datasets examined here is of consistent, long-term decline in condition of flow-dependent 
ecosystems in the Basin over many decades across a broad range of response variables. 
3.3.3 Case study: recent trends in ecological assemblages in the Coorong, Lower
Lakes, and Murray Mouth
Recent severe drought has had a major impact on the ecology of the Coorong, Lower Lakes, and Murray Mouth. Few 
long-term data are available on the effects of the drought, along with previous changes in ecological condition, 
particularly for the Lower Lakes. More datasets are publicly available for the Coorong, but many commenced within the 
recent drought. The notable exceptions are surveys of birds and Ruppia tuberosa which have been undertaken since the 
1980s (Rogers and Paton 2009; Paton et al., 2009). 
Recent changes in waterbird assemblages
The Coorong, Lower Lakes, and Murray Mouth is globally renowned as a waterbird habitat (Paton, 2011). Annual 
waterbird surveys were conducted sporadically in the 1980s and then annually between 2000 and 2008 (Wainwright and 
Christie, 2008; Paton et al., 2009). Waterbird community composition was most strongly related to location, with 
increasing distance from the Murray Mouth consistently a factor over the eight-year period (Paton et al., 2009). Distance 
from the Murray Mouth is correlated with increasing salinity. When waterbird communities recorded in the 2000s were 
compared with those recorded between 1981 and 1985, there was a consistent decline of at least 30% in the abundance 
of 23 of the 27 most common species (Paton et al., 2009) and in total shorebirds except ephemeral species (red-necked 
avocet and banded stilt) (Wainwright and Christie, 2008). Despite this, the region was still found to support more than 1% 
of the global population for nine waterbirds, although this was true for only three of six target species for The Living 
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Murray Initiative in 2007–08 (MDBC, 2008b). An increase in banded stilt (Cladorhynchus leucocephalus; a species that 
inhabits salt lagoons) was also recorded at that time (MDBC, 2008b). Large declines in bird species were linked to loss 
of available food in the South Lagoon where salinity is higher than in the North Lagoon (MDBC, 2008b).
Other surveys suggested a shift of populations northward (MDBC, 2007; although a similar shift was not reported by 
Paton et al., 2009) and the view was expressed that bird populations had deteriorated significantly in the five years 
preceding the study. The decline in waterbird numbers since 1985 was substantial, but the Coorong is known to be a 
highly variable refuge, particularly in dry periods, so comparison with a single year should be treated with caution.
Figure 3.2 Time series of changes in abundance of shorebirds (grey bars) and the aquatic plant Ruppia tuberosa (black line) at 
the Coorong
Note: Data on shorebirds are from Wainwright and Christie (2008). Data on Ruppia tuberosa are from Rogers and Paton (2009). The 
latter is the mean percentage of sediment cores containing shoots of R. tuberosa at four sites (Tea Tree Crossing, Salt Creek, 
Policeman’s Point and Villa dei Yumpa) with standard error bars.
Recent changes in fish assemblages
Few long-term fish studies exist for the Coorong, Lower Lakes, and Murray Mouth. A survey of fish assemblages in the 
Coorong extended for only two years (2006–2008) with samples taken at three-month intervals (Noell et al., 2009). 
During this time there was a general decline in species diversity with distance from the Murray Mouth, and assemblages 
were mostly structured based on this distance, with species-rich estuarine assemblages found near the Murray Mouth 
most different from the species-poor assemblages found in the South Lagoon. Noell et al. (2009) found that salinity alone 
was the physico-chemical variable best-correlated with fish assemblages and postulated that the strengthened salinity 
gradient, as a result of decreased freshwater flows, was responsible for the observed patterns. Brookes et al. (2009) also 
considered that the ongoing drought had negative implications for several iconic species in the Coorong, Lower Lakes, 
and Murray Mouth: black bream (Acanthopagrus butcheri), greenback flounder (Rhombosolea tapirina), mulloway 
(Argyrosomus hololepidotus) and congolli (Pseudaphrites urvillii).
Research on the fish assemblages of the Lower Lakes has been carried out since 2003 as a part of The Living Murray
initiative (MDBC, 2007). Spawning and recruitment of Murray hardyhead (Craterocephalus fluviatilis), southern and Yarra 
pygmy perch (Nannoperca australis and N. obscura) was detected in all years between 2003 and 2006 (MDBC, 2007) 
but at lower levels in 2007 and 2008 for Murray hardyhead and southern pygmy perch, while no Yarra pygmy perch were 
detected (MDBC, 2008b). Declines in the abundance of these species were recorded between 2005 and 2008. In 
summer 2007, Murray hardyhead and pygmy perch were collected in much lower abundances than in 2005 and 2006. 
Targeted releases of water in 2006 through the barrage fishways coincided with increases in galaxias (Galaxias spp.), 
congollis and gobies (Afurcagobius spp.) (MDBC, 2007). No barrage releases occurred in 2008 and there was a >90% 
decline in young-of-year catch for common galaxias and congollis compared to the previous year in the estuary and few 
small-mouthed hardyhead (Atherinosoma microstoma) were recorded in the South Lagoon (MDBC, 2008b). 
There appear to be drought-related detrimental effects on fish assemblages in the Coorong, Lower Lakes, and Murray 
Mouth, but a lack of baseline data, particularly for the Lower Lakes, makes it difficult to assess the changes associated 
with the recent drought and the implications of a baseline scenario.
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Recent changes in vegetation assemblages
The aquatic plant Ruppia tuberosa is considered to be a critical component of Coorong South Lagoon ecosystems, 
providing habitat and food for a range of other taxa (Rogers and Paton, 2009). Surveys since 1999 showed a variable, 
but relatively steady proportion of cores in which shoots and propagules (seeds and/or turions) were found until 
approximately 2001. Following 2001, there was a marked decline at all sites (Figure 3.2), with southernmost sites tending 
to have faster declines than more northerly sites. During the recent drought, there was successive loss of R. tuberosa 
from sites towards the south, with Villa dei Yumpa the last site to record 0% of cores with either shoots or propagules in 
2008 (the last year of the survey reported). During the most recent drought, there was some ingress of R. tuberosa into 
the North Lagoon of the Coorong, where it has not been previously recorded, although this range extension was slow 
compared to the rate of decline in the South Lagoon. Modelling of range shifts suggested that mean daily, maximum 
monthly and minimum monthly salinities, along with water level regime were the primary drivers of change for R.
tuberosa. The condition of the R. tuberosa population in the Coorong could be considered very poor.
Ruppia megacarpa, Lepilaena sp. and Zostera sp. were previously recorded in the North Lagoon of the Coorong 
(Geddes and Butler, 1984; Geddes, 1987), with R. megacarpa anecdotally reported to be dominant and widespread. All 
three species appear to have been lost from the Coorong since the 1980s, with no R. megacarpa detected in the North 
Lagoon in 2007 (MDBC, 2008b), thus the status for these species would be considered very poor.
Little information is available regarding vegetation condition around the Lower Lakes, although some sampling has 
occurred recently and the recent prolonged drawdown of lake levels (Lester et al., 2011) is likely to have had a 
substantial negative impact on fringing and aquatic vegetation communities. 
Potential future frequency of recent drought and likely implications of a baseline scenario
Climate change projections used in the Murray-Darling Basin Sustainable Yields Project (CSIRO, 2008) indicate more 
than half of years are likely to be either drought or ‘recovery’ years (i.e. within three years of an extended drought, likely 
to be a period of ecological recovery) under a dry extreme future climate in the Coorong, based on projected barrage 
releases (Fairweather and Lester, 2010). Under a median future climate, incidences of severe drought, such as the most 
recent drought, are likely to remain similar, with a recurrence of once in 100-years (Fairweather and Lester, 2010). 
Should climate change be severe in the region, there is a high likelihood that ecological decline such as that recently 
observed in the Coorong, Lower Lakes, and Murray Mouth during the recent drought will become increasingly common. 
There are few estimates of the length of time required to recover from extreme drought, in part because of the high 
variability in response, dependent on factors such as drought duration. Recovery trajectories and hysteresis within 
wetland systems are notoriously difficult to assess (Lake, 2000; Webster and Harris, 2004) and one estimate is that a
minimum period of three years is required (Fairweather and Lester, 2010). Thus, increasingly frequent periods of 
extended drought, with less recovery time would mean that a baseline scenario under climate change would be likely to 
result in severe ecological degradation for the Coorong in particular, but also for the Lower Lakes.
3.4 Assessment of environmental water requirements and 
ecological targets for hydrologic indicator sites
For the Basin Plan, the Murray–Darling Basin Authority (MDBA) has determined the environmental water requirements to 
protect and restore water-dependent ecosystems and ecosystem functions. The MDBA has identified over 2000 
environmental assets in the Basin. Based on the report on the environmentally sustainable level of take (MDBA, 2011a), 
122 of these were used as hydrologic indicator sites across the Basin, many of which are hydrologically connected 
(MDBA, 2011a; p. 32). The hydrologic indicator site approach enables:
x targeting of specific parts of the flow regime to sustain ecological targets
x additional water to be provided for specific ecological communities
x specific flow events to be determined as flow indicators against ecological targets; an assessment of watering 
opportunities and constraints at a regional scale
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x increased confidence in deriving ecologically relevant environmental flow requirements for estimation of the 
environmentally sustainable level of take (MDBA, 2011a; p. 33). 
A key assumption of the hydrologic indicator site approach and its underpinning principles is that provision of an
adequate flow regime at indicator sites is representative of the environmental water requirements of the broader suite of 
key environmental assets and key ecosystem functions across the Basin (MDBA, 2011a; p. 33).
Hydrologic indicator sites can be divided into two broad categories. The first category are sites with detailed 
ecohydrologic assessment of environmental water requirements for bankfull, overbank flows, and fresh flows, and sites 
with a hydrologic assessment of environmental water requirements for baseflows. These environmental water 
requirements were used as environmental demands in hydrologic models, influencing the derivation of the 
environmentally sustainable level of take. The second category influenced the quantification of environmentally 
sustainnable level of take, representing sites where flow data has been assessed by flow component. As in MDBA 
reporting (MDBA 2011a; 2012), the assessment of flow scenarios in this report considers the first category of hydrologic 
indicator sites only.
Hydrologic indicator sites were selected by the MDBA based on (i) whether the region in which they were located had a 
end-of-system flow volumes of UHODWLYHWRthe without-development scenario, where ’greatest attention [is given] to 
those regions with the largest water resources and the greatest change in natural flow regime’ (MDBA, 2011a; p. 36); (ii)
the ability of a site to be representative of the water requirements of a broader reach of river at the macro scale; (iii) the 
ability of a site to provide assessments of priority parts of the flow regime, from a volumetric perspective (MDBA, 2011a; 
p. 38); and (iv) the quality of information available to support a detailed assessment of environmental water requirements
(MDBA, 2011a; p. 38). Here, environmental water requirements are used to represent estimates of flows required to 
meet ecological objectives and targets. In MDBA reporting (MDBA, 2012) the target is considered to be achieved when a 
minimum flow threshold for a given duration is met, and is assessed, and reported, as the percentage of years (over the 
114-year simulation period) or as an interval between events where a target is achieved. The delivery of flows to meet 
requirements are subject to operational and physical constraints. These constraints and how they influence the 
achievability of targets are fully analysed in MDBA (2011a; 2012), together with details of their modelling. The constraints 
include sites of low channel capacity, not being able to deliberately flood infrastructure and private land, discharge limits 
from dams and loss of water as it is transmitted through river systems.
Within the sections in this chapter on floodplain vegetation (Section 3.5), native fish (Section 3.6), waterbirds (Section 
3.7) and the Coorong (Section 3.8), likely outcomes of targets for hydrologic indicator sites under the Basin Plan are 
discussed using a community-based approach, rather than asset-based analyses. This approach recognises that 
communities in the Basin are longitudinally connected, and assists in identifying patterns in Basin communities where 
targets are met under the 2800 scenario. Where targets are not met, this approach identifies communities that are 
vulnerable to change. This is important because is quite strong community structure within the site-based ecosystems 
reflecting the strong within site gradients in hydrologic regime. As not all parts of the hydrology are able to be improved 
equally under the 2800 scenario then not all communities within the ecosystem will benefit equally.
These sections report the results of ecological response modelling of the four ecosystem components (floodplain 
vegetation, native fish, waterbirds and the Coorong) under the without-development, baseline and 2800 scenarios. The 
results of the modelling are then synthesised in Section 3.9.
Within this chapter, the without-development scenario is not considered as a target for the proposed Basin Plan; rather it 
is used as a reference point to assist in interpretation of results under the 2800 scenario.
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3.5 Floodplain vegetation
3.5.1 Background
Floodplain vegetation is usually floristically and structurally distinctive compared with adjacent vegetation not affected by
flows and floods, and may be of considerable biodiversity significance as habitat refugia. Floodplain vegetation in the 
Basin was extensively cleared for agriculture and what was left has been subject to varying degrees of modification and 
disturbance. The condition of the remainder is a matter of considerable conservation concern as evidenced, for example, 
by recent changes in tenure to National Park status of major regions of river red gum forest and woodland in Victoria 
(VEAC, 2006; 2008) and the New South Wales Riverina (Natural Resources Commission, 2009).
General accounts of the floodplain vegetation communities in the Basin are given by Smith and Smith (1990), Roberts 
(2001), Westbrook et al. (2004) and Keith (2004). Detailed floristic accounts, including distribution and mapping of 
communities, are provided by Benson et al. (2006), Benson (2008) and DSE (2009). Water requirements of floodplain 
plants are detailed by Roberts and Marston (2011) and Rogers and Ralph (2010).
A distinctive feature of floodplain vegetation communities with woody plants is the low diversity of trees and shrubs that
form the dominant structural elements. Only four trees, river red gum (Eucalyptus camaldulensis subsp. camaldulensis),
black box (Eucalyptus largiflorens), coolibah (Eucalyptus coolabah subsp. coolabah), and river cooba (Acacia 
stenophylla) dominate the floodplain vegetation of lowland inland south-eastern Australia. A fifth woody species, lignum 
(Muehlenbeckia florentula), occurs as extensive monospecific wetland shrublands or as understorey in river cooba 
woodlands. The occurrence and distribution of these species, and the communities they characterise, represent the end 
result of adaptive evolutionary responses to the prevailing environmental gradients within the Basin. These gradients are
characterised by strong east–west differences in rainfall, temperature and evaporation, by summer rainfall in the north 
and winter rainfall in the south and sporadic, unpredictable flooding in northern catchments contrasting with stable winter 
baseflow in those southern rivers that rise in the Great Dividing Range.
River red gum is the only species of Eucalyptus found throughout Australia. It is an opportunistic water user and occurs 
in close proximity to water throughout the Basin. The distributions of the seven subspecies are broadly congruent with 
major drainage basins (McDonald et al., 2009). The most widespread subspecies in the Basin, E. camaldulensis 
camaldulensis, is of paramount ecological importance to lowland river ecosystems, providing multiple habitat and food 
resources for a wide range of organisms from mammals to microbes; microclimate modification via shading and canopy 
evapotranspiration; supplying carbon inputs to the floodplain and channel in the form of litter and abundant nectar and
ensuring soil riverbank stability via the root systems. 
Floodplain forests and woodlands represent important targets for environmental watering in the Basin (MDBA, 2011a). 
Health of floodplain trees depends on water availability from flood events but also from groundwater reserves. Floods 
recharge soil water and groundwater and this reservoir provides for trees for extended periods after the flood has 
receded (Cunningham et al., 2011). Once groundwater levels fall below the root zone, tree health declines. Symptoms 
include loss of canopy cover, reduction in sapwood conducting area, cracking of bark and sapwood of the trunk, and the 
introduction of air embolisms into the main water-conducting vessels. Without groundwater recharge or substantial 
rainfall, trees will eventually die. With sustained rainfall, flooding and recharge, substantial epicormic growth is a typical 
early recovery response of floodplain eucalypts. 
Flood requirements for river red gum forests covered in this section are given by Roberts and Marston (2011), and are 
reflected in the environmental water requirements set by the MDBA. Flood frequency and duration for maintenance of 
river red gum is every 1 to 3 years for 5 to 7 months for forests, and about every 2 to 4 years for 2 to 4 months for 
woodlands, with re-flooding to promote regeneration after about 3 years for forests and 5 to 7 years for woodlands. River
red gum forests and woodlands are defined according to Roberts and Marston (2011), with the forest form consisting of 
trees more than 20 m tall but reaching 45 m, with open, composite crowns and the lowest branches several metres 
above ground. The woodland form is typically less than 20 m with a rounded, simple crown and with the lowest branches 
a metre or so above the ground. River red gums provide extensive habitat and resources for a range of aquatic, 
amphibious and terrestrial fauna, contribute energy directly to the river in the form of dissolved organic carbon, provide 
structural features such as snags, and moderate river temperature by shading (Roberts and Marston, 2011).
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Black box woodland is widespread throughout the Basin, particularly on higher parts of floodplains, and supports 
distinctive and diverse floristic understorey communities and faunal assemblages (summarised by Roberts and Marston, 
2011). Black box is salt tolerant and drought hardy. It can survive prolonged periods on rainfall and soil water but 
requires flooding every 3 to 7 years for 3 to 6 months for vigorous canopy growth and flowering, and for 2 to 3 months for 
moderate canopy growth and flowering. Black box is located higher on the floodplain than river red gum, but may 
co-occur with river red gum and river cooba on the lower floodplain. Black box have distinct faunal assemblage 
associations and provide habitat for foraging and nesting of woodland birds (Roberts and Marston, 2011).
Lignum shrubland is an important, extensive and distinctive component of the floodplain vegetation of the Basin, 
particularly on semi-arid floodplains with heavy clay soils that receive periodic inundation of relatively short duration. It 
tends to be absent from floodplains where inundation is frequent and prolonged (Roberts and Marston, 2011). It requires 
flooding every 1 to 3 years for 3 to 7 months for vigorous growth, but small shrubs can tolerate less frequent flooding: 
every 7 to 10 years. When inundated, lignum provides protected nesting habitat for colonial waterbirds, especially for 
ibis. Extensive ibis rookeries in lignum swamps occur at the Narran Lakes (Thoms et al., 2008), Lower Murrumbidgee 
River Floodplain (Wen et al., 2011) and the River Murray between Kerang Lakes and the Riverland–Chowilla Floodplain. 
This section consists of two parts:
x an analysis of the MDBA’s environmental water requirements (MDBA, 2011a; 2012) for vegetation community 
types under the MDBA’s BP-2800 scenario (MDBA, 2012) (which is similar – but not identical – to the 2800 
scenario assessed in this project) (sub-section 3.5.2)
x modelling of vegetation responses to inundation at particular hydrologic indicator sites, covering:
o mapping the distribution of floodplain forests, woodlands and lignum shrubland wetlands and 
estimating the change in extent and duration of inundation under the 2800 scenario relative to the 
without-development and baseline scenarios. Reliable flood inundation models are not available for the 
Basin so the scale of this analysis is confined to those hydrologic indicator sites covered by the River 
Murray Floodplain Inundation Model (RiM-FIM) (subsections 3.5.3 to 3.5.8)
o modelling habitat suitability for vegetation in the Lower Murrumbidgee River Floodplain, Macquarie 
Marshes and Narran Lakes using decision support systems (DSSs) developed for the NSW Office of 
Environment and Heritage (subsections 3.5.9 to 3.5.11).
3.5.2 Assessment of environmental water requirements for floodplain vegetation
The MDBA have used a hydrologic assessment for defining flow indicators, which make up the environmental water 
requirements for a hydrologic indicator site. The method defines the frequency and extent of inundation required for 
floodplains and wetlands to maintain extents of water-dependent vegetation communities. The discussion below focuses 
on the patterns in outcomes of environmental water requirements across vegetation types at sites in the northern and 
southern Basin under the MDBA’s BP-2800 scenario. Appendix A documents the MDBA environmental water 
requirements, arranged by vegetation type. It is worth noting that the targets in the Wimmera–Avoca, Borders Rivers, 
Barwon–Darling and Condamine–Balonne regions require tributary and unregulated flows for targets to be achieved. The 
narrative below focuses on the ability to meet water requirements in regulated catchments only.
As noted above, river red gums are distributed throughout the Basin, being present at all the hydrologic indicator sites. 
They can be classed into two types – forests, which are generally flooded every one to three years; and woodlands, 
which require flooding history around every three to five years. River red gum forests are characterised in 
environmental water requirements as having a rich understorey, made up of Phragmites, water couch, cumbungi, rushes, 
sedges and aquatic species. In the southern Basin, river red gum forests are likely to benefit under the BP-2800
scenario, particularly in low elevation areas. Where inundation of 35,000 ML/day and above is required, fewer flow 
requirements are achieved. The exception is the Lower Murrumbidgee River Floodplain where flow requirements are 
achievable and are not subject to constraints. At the remaining hydrologic indicator sites, the delivery of flows required to 
meet such targets is limited by constraints, requiring coordinated deliveries of tributary inflows and unregulated flows to 
be achieved. These constraints include limited channel and dam capacity to deliver events, and risks of flood damage to 
infrastructure and private land (MDBA, 2011a, p. 150).
In the Edward–Wakool River System, meeting red gum requirements requires modest increases in environmental water
volumes, and through improvements in delivery of existing environmental water, flow requirements have an increased 
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frequency of being achieved. For the mid-level floodplain communities of the Lower Goulburn River Floodplain, MDBA 
(2011, p. 132) states: ‘Additional environmental water is likely to achieve environmental outcomes. Operational 
constraints limit flow delivery in some conditions.’ Such constraints relate to risk of flood damage at Trawool and 
Shepparton and could be overcome by investment in works and measures as well as changes to entitlement use 
provisions and/or increased volumes of environmental water (MDBA, 2011a, p. 135).
The Barmah–Millewa indicator site is highly significant for river red gum, containing the largest remaining river red gum 
forest within Australia. Flows above 60,000 ML/day are required to inundate 100% of the current extent of this river red 
gum community. However, flow requirements of 50,000 ML/day and 60,000 ML/day occur at a lower frequency under the 
BP-2800 scenario relative to the baseline scenario (Table 86; MDBA, 2012). Flows of this magnitude are subject to 
operational constraints associated with channel and dam outlet capacities, but could be delivered as unregulated flows
from Lake Mulwala and the Ovens River.
In the northern Basin, river red gum forest targets are met under the BP-2800 scenario in the three assets of the Lachlan 
region, the Macquarie Marshes, and the Lower Darling River System. Within the Lachlan region, The Great Cumbung 
swamp, together with its surrounding floodplain, support one of the largest stands of red gums within NSW. In the Gwydir 
Wetlands, the majority of targets are met and the MDBA state that they are ‘confident that the total volume of the 
modelled reduction is sufficient to meet the high uncertainty frequencies specified for the nine flow indicators’ (MDBA, 
2012). 
River red gum woodlands are open areas, occurring on higher elevation floodplains. Consequently, they are subject to 
operational constraints, as documented above. Again, these constraints are particularly evident in the southern Basin. In 
asset sites within the Murray region (including the Edward–Wakool River System), only the 30,000 ML/day target in 
Gunbower–Koondrook–Perricoota Forest is achievable. Flows to the Lower Goulburn River Floodplain and Lower 
Murrumbidgee Floodplain Wetlands are not subject to constraints, and targets are achievable under the BP-2800
scenario. This is not so for the Mid-Murrumbidgee River Wetlands, where targets of 26,850 ML/day only are achievable, 
inundating communities in a small area of the riparian zone. Inundation of up to 44,000 ML/day is required to inundate 
70% of these wetlands. To increase the frequency of events above 26,500 ML/day, dam releases need to be coordinated 
with tributary inflows downstream of Gundagai, which is operationally difficult (MDBA, 2012). The northern Basin flow 
requirements for river red gum woodlands are achievable under the BP-2800 scenario, except for the 250 GL
requirement of the Gwydir Wetlands, where large unregulated flows are needed to meet these targets.
Black box woodland communities are the dominant overstorey on high elevation floodplains, have distinct faunal 
assemblage associations and provide habitat for foraging and nesting of woodland birds (Roberts and Marston, 2011). 
They form open woodlands, often co-occurring with lignum shrubs. Like lignum, they also have a wide range of 
preferences for flooding frequency, ranging from three to seven years, but have been found in areas where flooding 
occurs on average every 10 years, particularly where they have access to groundwater. Flow requirements for black box 
woodlands are most subject to delivery constraints under the BP-2800 scenario.
In the connected Murray System of the southern Basin, the 30,000 ML/day requirement at Gunbower–Koondrook–
Perricoota Forest for black box is achievable under the BP-2800 scenario through the inclusion of tributary inflows in 
addition to regulated flows. The remaining connected Murray System targets generally require events of a minimum of
35,000 ML/day. To inundate large areas of the high elevation floodplains, flow requirements of 100,000 ML/day and 
above are specified. The frequency of events of this size under the BP-2800 scenario occur at the same, or within 1%, of 
the equivalent event frequency under the baseline scenario. In the Lower Murrumbidgee Floodplain Wetlands, black box 
requirements are met under the BP-2800 scenario. Black box woodlands are not extensive in area at this site, with river 
red gums dominating as overstorey vegetation. In the northern Basin, black box woodland targets are achievable under 
the BP-2800 scenario at all sites, subject to the constraints of delivery of the 250 GL requirement in the Gwydir Wetlands 
noted above.
Lignum shrublands occur widely within the Basin, can be locally dominant, and are being regarded as the most highly 
significant floodplain shrub in the Basin (Roberts and Marston, 2011). When in a healthy condition, these shrublands act 
as breeding habitat for colonial nesting waterbirds. Lignum shrublands can remain dormant for long periods, and have an 
optimal frequency of wetting of between one and three years, although they can tolerate up to ten years without 
inundation. The treatment of lignum shrublands in the setting of environmental water requirements varies in the Basin 
Plan – in the southern Basin lignum requirements are only specified for the Lower Murrumbidgee Floodplain Wetlands, 
despite their significance in Riverland–Chowilla, Hattah Lakes and the Mid-Murrumbidgee Floodplain Wetlands. In the 
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Lower Murrumbidgee Floodplain Wetlands, lignum shrublands requirements are met under the BP-2800 scenario. In the 
northern Basin, lignum shrublands requirements are met under the BP-2800 scenario for assets in the Lachlan region, at 
the Macquarie Marshes and at the Narran Lakes, all of which represent significant waterbird breeding sites. 
Requirements in the Lower Namoi and the Gwydir Wetlands are also met under the BP-2800 scenario, subject to the 
constraints of delivery of the 250 GL requirement, noted above. 
Coolibah form extensive woodlands in the Condamine–Balonne, Lower Darling and Gwydir regions, provide important 
habitat for fauna and are of cultural significance (Roberts and Marston, 2011). The distribution of coolibah is limited to the 
north-west parts of the Basin, dominating the higher elevation floodplains of northern rivers. They require an inundation
frequency of about every ten to twenty years. In the Basin Plan, coolibah flow requirements are defined in the Namoi, 
Macquarie–Castlereagh, Gwydir and Condamine–Balonne regions. Meeting requirements is substantially improved
under the BP-2800 scenario relative to the baseline scenario, and these flow requirements are not subject to delivery 
constraints. 
River Cooba are commonly found in riparian zones of northern areas of the Basin such as the Condamine-Balonne, 
Macquarie–Castlereagh and Gwydir regions. They also extend into the southern parts of the Basin, including the Murray 
and Murrumbidgee regions. They are often associated with a lignum understorey. Cooba occur in areas of periodic 
flooding and ponding, requiring a frequency of flooding of between three and seven years and durations of wetting 
extending to three months (Roberts and Marston, 2011). They provide habitat for a range of fauna and are of cultural 
significance, with seeds and pods used as a food source for aboriginal communities. Targets for Cooba are defined in 
the northern Basin only, in the Macquarie Marshes and Lower Namoi River only. Targets are achievable at these sites
under the BP-2800 scenario.
In summary, under the BP-2800 scenario, a greater proportion of targets are met in the northern Basin. In the southern 
Basin many targets are subject to delivery constraints. Of the vegetation types considered, river red gum communities 
are likely to benefit most under the BP-2800 scenario. Requirements for vegetation communities on high floodplains in 
the southern Basin, where black box dominates, are the least likely to be met under the BP-2800 scenario. Some flow 
requirements may be met by large rainfall events in relatively wet years or future works and measures and improvements 
in environmental water delivery, but ‘inundation of these habitats requires medium to large unregulated flow events that 
are generally outside the ability for river operators to influence and manage with current river operating constraints.’ 
(MDBA, 2011a, p. 106). In the southern Basin, targets for lignum and cooba are under-represented.
3.5.3 Floodplain vegetation modelling methods
To predict changes to floodplain vegetation communities, two approaches to modelling the ecological responses of 
vegetation to flows were used in this project.
The first was to assess changes in areas inundated at different average recurrence intervals and the duration of 
inundation. This involved mapping floodplain vegetation communities, overlaying these floodplain vegetation community 
maps with maps of inundation derived for the three scenarios (without development, baseline, 2800), and then 
integrating data on areas of each vegetation community inundated with data on the duration of inundation to assess 
whether the flood regime matched with the known water requirements for that vegetation community (Roberts and 
Marston, 2011; Rogers and Ralph, 2010).
The second approach was to assess how flow affected habitat suitability indices for vegetation using decision support 
systems (DSSs) developed for modelling ecological response to changes in flow regimes.
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Floodplain vegetation mapping
Whole-of-Basin-scale maps of the major floodplain vegetation communities (river red gum, black box, coolibah, river 
cooba and lignum) were constructed using vegetation datasets provided by state custodian agencies. These were the 
South Australia Vegetation Assessment dataset held by Department for Water (DENR, 2011); the New South Wales 
Native Vegetation Mapping Program and Vegetation Classification and Assessment database held by NSW Office of 
Environment and Heritage (Keith, 2004; Benson, 2006; 2008; Benson et al., 2006); the Victorian Ecological Vegetation 
Classes database held by Department of Sustainability and Environment (DSE, 2011); and the Queensland State-wide 
Landcover and Trees Study held by Queensland Department of Environment and Resource Management (DERM, 2011). 
These data were collected at different times, and using different methodologies which affects the quality of the composite 
vegetation map that was derived for the purposes of this project. Data were provided as digitised polygon layers with 
various levels of attribute details, reflecting differences in vegetation mapping programs between the states. Where 
necessary, detailed vegetation classes were consolidated and simplified to map areas where river red gum, black box, 
coolibah, river cooba and/or lignum were the dominant components of the vegetation communities (Figure 3.3). It is 
important to note that some mapping overlap occurs between species and communities, reflecting co-location on 
floodplains in relation to shared environmental requirements.
The five species were selected for mapping as they fulfil the following criteria: (i) they are widespread and ecologically 
important within the Basin; (ii) their environmental water requirements – depth, duration, seasonality and frequency of 
inundation – are relatively well known (Roberts and Marston, 2011; Rogers and Ralph, 2010); (iii) they are the subject of 
environmental objectives and targets for hydrologic indicator sites detailed in the report on the environmentally
sustainable level of take (MDBA, 2011a), either as specific vegetation communities (e.g. as ‘red gum woodland’) or 
collectively (e.g. as ‘floodplain wetland vegetation’); and (iv) each of these species is a distinctive component in relation 
to the ecological character of the major floodplains and wetlands of the Basin.
In the absence of reliable flood inundation modelling for the whole-of-Basin, the analysis was confined to those 
vegetation communities located within the boundary of the River Murray Floodplain Inundation Model (RiM-FIM) 
(Overton et al., 2006) (Figure 3.4). This model covers the River Murray from downstream of Hume Dam to Wellington 
and links flow volumes to inundation extent. Within the RiM-FIM region, 577,480 ha of natural floodplain vegetation are 
mapped, dominated by river red gum (53% of area), noting that coolibah only occurs in the northern part of the Basin 
(Figure 3.3c). It is important to note that the area covered by these communities is not the total area of natural floodplain 
vegetation in the Basin. Major floodplain plant communities that were not been included in the present analysis (mainly 
because they do not meet all of the criteria listed above) include floodplain grasslands and grassy wetlands, sedgelands
and rushlands, Mallee and chenopod shrublands, and Casuarina and Callitris woodlands.
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(a) River red gum
(b) Black box
Figure 3.3 Distribution of (a) river red gum, (b) black box, (c) coolibah (yellow) and river cooba (red), and (d) lignum in the 
Murray–Darling Basin, based on collated vegetation layers
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(c) Coolibah and river cooba
(d) Lignum
Figure 3.3 Distribution of (a) river red gum, (b) black box, (c) coolibah (yellow) and river cooba (red), and (d) lignum in the 
Murray–Darling Basin, based on collated vegetation layers (continued)
Note: Areas of floodplain vegetation communities contain the following species: river red gum 1,959,599 ha; black box 3,780,518 ha; 
coolibah 2,195,706 ha; river cooba 182,275 ha; lignum 254,551 ha. The total area mapped is less than the sum of the areas of 
vegetation communities because of the overlap in mapping of vegetation communities.
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(a) River red gum
(b) Black box
(c) Lignum
Figure 3.4 Distribution of (a) river red gum, (b) black box and (c) lignum in the RiM-FIM region of the River Murray floodplain,
with inset in (a) showing the location of the River Murray within the Basin. Polygons outlined in black in each map are the 
hydrologic indicator sites for key environmental assets and are labelled in (c)
Note: Areas: river red gum 305,970 ha; black box 155,944 ha; river cooba 47,525 ha; lignum 68,041 ha
Mapping of inundation of vegetation communities against average recurrence intervals
The average recurrence interval (ARI) for flow events is one of several indicators of where vegetation communities are 
likely to be distributed in relation to inundation of the floodplain. Each floodplain plant species has particular water 
requirements related to frequency, duration, depth and seasonal occurrence of floods. ARIs are typically described in 
terms of the recurrence of a peak flow (in ML/day) of a given size. In this project, four ecologically significant recurrent 
intervals (1, 2, 5 and 10 years) were identified, and peak flows at sites associated with them. For ease of reference, 
these are referred to in this chapter as ARIs of 1-in-1, 1-in-2, 1-in-5 and 1-in-10 years. Zones of vegetation in relation to 
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ARIs are generally distributed according to the broad pattern shown in Figure 3.5, particularly in the southern Basin. 
Zones tend not to have discrete boundaries but overlap and grade into each other. It is important to note that this 
diagram represents a composite of the major floodplain woody plant communities, and not all species are present on 
every floodplain.  
River red gum forest tends to be present at the lowest ARI as it is adapted to prolonged, deep flooding. Further up the 
floodplain, river red gum is present as open woodland with black box woodland on the upper floodplain. Lignum 
shrubland tends to distributed on parts of the floodplain that receive shallow flooding of short duration. Lignum is not 
found in areas prone to ponding or prolonged, deep inundation. There may be considerable overlap between zones, 
especially between black box and river red gum woodland, but black box is rarely found on the lower floodplain (Palmer 
and Roberts, 1996). In this regard, areas of black box on parts of the floodplain with ARIs of 1-in-1 and 1-in-2 years were 
considered to be mapping artefacts and these areas were not considered within the analyses. 
 
Figure 3.5 Floodplain vegetation communities distributed according to average recurrence intervals of floods 
 
RiM-FIM (Overton et al., 2006), as updated to incorporate high-resolution digital elevation data (Penton and Overton, 
2007), was used to model inundation extent. This model encompasses a floodplain area of 938,596 ha and maps that 
area into distinct eco-hydrologic zones (Overton et al., 2006), with each zone being associated with one or more gauging 
stations for which good medium- to long-term observed data were available. For a subset of these gauging stations, 
flows above a nominated threshold and for the four ARIs were identified in the flow data for each scenario supplied to 
CSIRO by MDBA using a ‘peaks over threshold’ algorithm (R Development Core Team, 2010). A value of 30 days was 
used to separate flood peaks, so any two above-threshold events  30 days apart were grouped as a single event. 
RiM-FIM was then used to determine the spatial extent of inundation given these ARI flow rates at critical locations down 
the river, providing a series of inundation extent maps for each ARI under the without-development, baseline and 2800 
scenarios. 
The inundation maps were overlain on the maps for river red gum, black box and lignum within the RiM-FIM region, 
giving a series of inundation maps of these vegetation communities for each ARI under the three scenarios. These 
GIS layers were used to assess changes in inundation areas of vegetation communities for each ARI under the 
without-development, baseline and 2800 scenarios. This assessment is provided for the RiM-FIM region and for those 
parts of four hydrologic indicator sites located within it: Barmah–Millewa Forest; Gunbower–Koondrook–Perricoota 
Forest; Hattah Lakes; and Riverland–Chowilla Floodplain (including Lindsay–Wallpolla Floodplain). Additional sites such 
as the Edward–Wakool River System and Lower Goulburn River Floodplain became too small once clipped to the 
RiM FIM region extent. 
Flood frequency analysis was used to assess the duration of inundation for each vegetation community under the three 
scenarios for each of the four hydrologic indicator sites, with flood duration requirements for each vegetation community 
based on those given by Roberts and Marston (2011) and Rogers and Ralph (2010).  
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Decision Support Systems
Decision support systems (DSSs), developed for, and provided to, the project by the NSW Department of Environment, 
Climate Change and Water (DECCW; now NSW Office of Environment and Heritage), were used to model floodplain 
vegetation and waterbirds on the Lower Murrumbidgee River Floodplain, Macquarie Marshes and Narran Lakes. These
systems are designed to predict ecological outcomes for hydrologic time series. The Gwydir DSS was used for 
waterbirds, but was not used to predict vegetation outcomes due to problems within the DSS with the hydrologic
modelling of environmental water requirements for vegetation.
The DSS for the Lower Murrumbidgee Wetlands (hereinafter called the Lowbidgee DSS) covers the Lowbidgee, Yanga, 
Nimmie and Caira wetlands system within Yanga National Park, and is based on a hydrodynamic model linked to 
vegetation, fish and waterbird responses (SKM, 2011). Some 38 storages are used as reporting areas and reporting is 
annual. Responses are represented as a set of preference curves, which are combined to represent habitat suitability.
The preference curves show the responses of vegetation, or fish, or birds, to a habitat variable, e.g. the duration of 
flooding. The response is scaled from 0 (unsuitable) to 1 (suitable). Curves for each habitat variable are aggregated to 
give an overall measure of habitat suitability. The ecological response models use EcoModeller (Marsh et al., 2007) as a 
modelling platform, and preference curves are derived from the Murray Flow Assessment Tool (Young et al., 2003).
The Narran Lakes, Gwydir Wetlands and Macquarie Marshes DSSs (Fu et al., 2011a; 2011b; 2011c) are applications of 
the IBIS DSS (Merritt et al., 2009). They are similar in design to the Lowbidgee DSS, but outcomes are modelled by 
event rather than by year. Habitat preferences are modelled as probabilities and combined using averages. The Narran 
Lakes IBIS DSS has a purpose-built model for straw-necked ibis which predicts number of nests and likelihood of 
fledging (Merritt et al., 2010) using data from the Narran Ecosystem project (Thoms et al., 2008). The ecological 
preferences used are from Rogers and Ralph (2010), with vegetation preferences updated from Roberts and Marston 
(2011).
The DSSs model each site as a series of storages or discrete hydro-ecological units, which are used as reporting areas.
The Macquarie Marshes IBIS DSS has 24 such reporting areas, each with a specific change in volume after inundation
and a specific ecological response. This DSS was used to model NSW Office of Environment and Heritage flow 
scenarios, using without-development and baseline scenarios equivalent to those of the MDBA, as well as climate 
change scenarios. Details of scenario testing are given by Fu et al. (2011c). Flow scenarios provided by the MDBA were 
inserted into the NSW Office of Environment and Heritage IQQM version, which models the Macquarie Marshes at a 
finer spatial scale (24 reporting areas) and represents volume and area of wetting for a particular flow scenario.
The Narran Lakes IBIS DSS (Fu et al., 2011a) represents the area as an interconnected system of floodplain and the 
Northern Lake and the Narran Lake. A water balance model is used to model changes in flooding, using inputs of
temperature, local rainfall and flow at the Wilby Wilby gauge (Thoms et al., 2008). The model analysis is constrained to a
run of 44 years, the period for which observed temperature and rainfall data is available. Thus, IQQM outputs for 1964 to 
2008 from each of the hydrologic scenarios are used as inputs to the DSS.
A limitation of each DSS is the representation of hydraulic conditions. These are derived from hydrodynamic models
which are based on limited data and calibration periods. However, they are the best available representation of the 
manner in which floods propagate and recede in the wetlands. The pattern of flood propagation and recession is an input 
to the ecological response models and is limited in its representation. Nevertheless, the hydraulic representation of 
habitat suitability of the DSSs is a marked improvement on models based just on flow input data from gauges. Another 
limitation is that the parameters used to model ecological responses are not resolved to particular species. Validation of 
waterbird habitat and breeding events showed fair results, but verification of the vegetation models has been limited.
The Lowbidgee DSS and IBIS DSSs cannot represent lags between habitat suitability and population responses, and the 
linkages between maintenance and recruitment are modelled as separate processes. (Only maintenance outcomes are 
used in reporting vegetation habitat suitability.) The association between a particular species and a particular reporting 
area is a static representation which means change in vegetation extent cannot be modelled.
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3.5.4 Inundation of vegetation along the River Murray (RiM-FIM region)
Areas of river red gum, black box and lignum within the RiM-FIM region, and change in their inundation area under the 
baseline and 2800 scenarios, are shown in Table 3.3. For all ARIs, inundated areas for the three vegetation communities
increase under the 2800 scenario relative to the baseline scenario, but these increases are relatively small in relation to 
the total area of these vegetation communities contained within the RiM-FIM region. The figures suggest that under the 
without-development scenario, one-third of the area occupied by river red gum was receiving inundation in only 10% of 
years or less, a considerably lower frequency than the MDBA’s environmental water requirements indicate is needed or 
Roberts and Marston’s (2011) requirements for maintenance growth of river red gum woodland of every two to four 
years. The majority of the area with an ARI of 1-in-10 years is high floodplain occupied by river red gum open woodland,
i.e. with scattered trees. Large areas of river red gum open woodland occur in regions not subject to flooding but where 
soils may be seasonally waterlogged, or where the trees have access to shallow groundwater (Price and Morgan, 2009).
Table 3.3 Area (ha) of inundation of floodplain vegetation communities in the RiM-FIM region at average recurrence intervals of 
1-in-1, 1-in-2, 1-in-5 and 1-in-10 years under the without-development, baseline and 2800 scenarios; change in inundated area 
under the 2800 scenario as a percentage of inundated area under the baseline scenario; and percentage of gain in area of 
vegetation (2800 – baseline), relative to the area lost (without development – baseline)
Average recurrence 
interval
Without 
development Baseline 2800 2800 2800
ha % change in area from baseline
% of gain in area 
relative to loss*
River red gum (area in the RiM-FIM region: 305,970 ha) 
1-in-1 year 37,645 11,352 13,744 21% 9%
1-in-2 years 121,662 50,157 63,675 27% 19%
1-in-5 years 187,742 126,412 140,942 11% 24%
1-in-10 years 203,217 177,594 177,738 0% 0%
Black box (area in the RiM-FIM region: 155,944 ha) 
1-in-1 year 4,590 1,851 1,987 7% 5%
1-in-2 years 25,686 4,841 7,009 45% 10%
1-in-5 years 71,396 25,204 38,704 54% 29%
1-in-10 years 81,563 60,488 65,114 8% 22%
Lignum (area in the RiM-FIM region: 68,041 ha) 
1-in-1 year 1,556 952 999 5% 8%
1-in-2 years 16,712 2,164 3,497 62% 9%
1-in-5 years 45,584 16,528 28,487 72% 41%
1-in-10 years 49,182 39,393 43,308 10% 40%
* % of gain in area of vegetation under the 2800 scenario (area under the 2800 scenario minus area under the baseline
scenario) relative to the area lost under the baseline scenario (area under the without-development scenario minus area 
under the baseline scenario)
Chapter 3 Ecological benefits ƒ 43
3.5.5 Inundation of vegetation in the Barmah–Millewa Forest 
The Barmah–Millewa Forest is the largest area of river red gum forest and woodland. It is a Ramsar wetland and a Living 
Murray Icon Site. The total area of river red gum forest and woodland is 60,094 ha (60,493 ha is given by MDBA, 2010a).
Almost all of the black box has been cleared and the bulk of the remainder is on the New South Wales side of the river.
Lignum is not present at Barmah–Millewa Forest. There is relatively little change in inundated area under the 2800 
scenario relative to the baseline scenario (Table 3.4). The small negative percentage differences for ARIs of 1-in-5 and 
1-in-10 years indicate those parts of the floodplain receive less water under the 2800 scenario because more water goes 
to areas with ARIs of 1-in-1 and 1-in-2 years. The largest increase, 63% for river red gum at an ARI of 1-in-1 year, refers 
to a change in area inundated of less than 3% of the total river red gum within the RiM-FIM region. 
The duration of inundation at Barmah–Millewa Forest under different ARIs is shown in Table 3.5. There is a modest 
increase in the proportion of flow events lasting at least 30 days and 60 days at ARIs of 1-in-2 and 1-in-5 years under the 
2800 scenario relative to the baseline scenario.
Table 3.4 Area (ha) of inundation of floodplain vegetation communities in the Barmah–Millewa Forest at average recurrence 
intervals of 1-in-1, 1-in-2, 1-in-5 and 1-in-10 years under the without-development, baseline and 2800 scenarios; change in 
inundated area under the 2800 scenario as a percentage of inundated area under the baseline scenario; and percentage of 
gain in area of vegetation (2800 – baseline), relative to the area lost (without development – baseline)
Average recurrence 
interval
Without 
development Baseline 2800 2800 2800
ha % change in area from baseline
% of gain in area 
relative to loss*
River red gum (area in the RiM-FIM region for this site: 60,094 ha) 
1-in-1 year 8,765 2,578 4,212 63% 26%
1-in-2 years 35,880 20,718 21,060 2% 2%
1-in-5 years 48,707 42,986 40,905 –5% 0%
1-in-10 years 53,219 48,975 47,751 –2% 0%
Black box (area in the RiM-FIM region for this site: 4,427 ha) 
1-in-5 years 2,483 1,980 1,858 –6% 0%
1-in-10 years 3,122 2,510 2,383 –6% 0%
* % of gain in area of vegetation under the 2800 scenario (area under the 2800 scenario minus area under the 
baseline scenario) relative to the area lost under the baseline scenario (area under the without-development scenario 
minus area under the baseline scenario)
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Table 3.5 Duration of inundation at the Barmah–Millewa Forest expressed as the number of events above ARI flow (ML/day), 
and percentage of those events that exceed published flood duration requirements* for river red gum and black box under the 
without-development, baseline and 2800 scenarios
Average recurrence 
interval
Without 
development Baseline 2800
1-in-1 year
Flow (ML/day) 31,445 21,584 26,018
Number of events 199 134 137
% of events t 30 days 34.2% 34.3% 34.3%
% of events t 60 days 13.6% 16.4% 16.8%
1-in-2 years
Flow (ML/day) 65,770 44,587 44,988
Number of events 81 58 49
% of events t 30 days 9.9% 20.7% 28.6%
% of events t 60 days 1.2% 6.9% 10.2%
1-in-5 years
Flow (ML/day) 106,759 79,206 74,549
Number of events 18 21 49
% of events t 30 days 0% 9.5% 18.5%
% of events t 60 days 0% 0% 3.7%
1-in-10 years
Flow (ML/day) 134,328 108,594 100,528
Number of events 4 7 11
% of events t 30 days 0% 0% 0%
% of events t 60 days 0% 0% 0%
*River red gum: % of events t 60 days. Black box: % of events t 30
days / 60 days (Roberts and Marston, 2011; Rogers and Ralph, 2010)
3.5.6 Inundation of vegetation in the Gunbower–Koondrook–Perricoota Forest 
The Gunbower–Koondrook–Perricoota Forest is the third largest remaining area of river red gum. It is a Ramsar wetland 
and a Living Murray Icon Site. We mapped 53,901 ha of river red gum and 5286 ha of black box compared with
38,932 ha and 7143 ha reported by MDBA (2010a). Table 3.7 shows there is a large increase under the 2800 scenario in 
the area of river red gum inundated (5993 ha) at an ARI of 1-in-2 years, with a smaller increase for an ARI of 1-in-5
years. The small negative percentage difference for an ARI of 1-in-10 years indicates that less water would be delivered 
to the higher mid-floodplain because more water is being delivered to those parts of the floodplain with lower ARIs.
The duration of inundation at the Gunbower–Koondrook–Perricoota Forest for different ARIs is shown in Table 3.7. As at 
the Barmah–Millewa Forest, there is only a modest increase in the proportion of flow events lasting at least 30 days and 
60 days for ARIs of 1-in-2 and 1-in-5 years under the 2800 scenario relative to the baseline scenario.
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Table 3.6 Area (ha) of inundation of floodplain vegetation communities in the Gunbower–Koondrook–Perricoota Forest at 
average recurrence intervals of 1-in-1, 1-in-2, 1-in-5 and 1-in-10 years under the without-development, baseline and 2800 
scenarios; change in inundated area under the 2800 scenario as a percentage of inundated area under the baseline scenario;
and percentage of gain in area of vegetation (2800 – baseline), relative to the area lost (without development – baseline)
Average recurrence 
interval
Without 
development Baseline 2800 2800 2800
ha % change in area from baseline
% of gain in area 
relative to loss*
River red gum (area in the RiM-FIM region for this site: 53,901 ha) 
1-in-1 year 11,914 1,438 1,666 16% 2%
1-in-2 years 25,962 13,087 19,080 46% 47%
1-in-5 years 28,114 24,033 26,138 9% 52%
1-in-10 years 28,295 28,545 27,993 -2% 0%
Black box (area in the RiM-FIM region for this site: 5286 ha) 
1-in-5 years 1,711 1,513 1,606 6% 47%
1-in-10 years 1,721 1,734 1,705 –2% 0%
* % of gain in area of vegetation under the 2800 scenario (area under the 2800 scenario minus area under the baseline
scenario) relative to the area lost under the baseline scenario (area under the without-development scenario minus area under 
the baseline scenario)
Table 3.7 Duration of inundation at the Gunbower–Koondrook–Perricoota Forest expressed as the number of events above 
ARI flow (ML/day), and the percentage of those events that exceed published flood duration requirements* for river red gum 
and black box
Average recurrence 
interval
Without 
development Baseline 2800
1-in-1 year
Flow (ML/day) 30,589 12,624 13,875
Number of events 168 156 168
% of events t 30 days 33.3% 37.8% 58.9%
% of events t 60 days 22.02% 18.9% 51.2%
1-in-2 years
Flow (ML/day) 54,031 32,252 40,761
Number of events 100 90 96
% of events t 30 days 22% 27.8% 32.3%
% of events t 60 days 5% 18.9% 12.5%
1-in-5 years
Flow (ML/day) 58,357 50,140 54,404
Number of events 3 40 23
% of events t 30 days 0% 25% 26.1%
% of events t 60 days 0% 26.7% 8.7%
1-in-10 years
Flow (ML/day) 58,724 59,247 58,108
Number of events 0 0 1
% of events t 30 days 0% 0% 0%
% of events t 60 days 0% 0% 0%
*River red gum: % of events t 60 days. Black box: % of events t 30
days / 60 days (Roberts and Marston, 2011; Rogers and Ralph, 2010).
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3.5.7 Inundation of vegetation in Hattah Lakes
The Hattah Lakes hydrologic indicator site covers an area of 57,000 ha (MDBA, 2010a) but only 17,363 ha of this area is 
included within the boundary of the RiM-FIM region. The Hattah Lakes is Ramsar listed and is a Living Murray Icon Site. 
Table 3.8 shows that within the RiM-FIM region there are large changes in inundation of vegetation communities under 
the 2800 scenario relative to the baseline scenario at ARIs of 1-in-2 and 1-in-5 years, though the additional areas of river 
red gum, black box and lignum inundated are relatively small, totalling just over 1600 ha at an ARI of 1-in-5 years. The 
change in inundated area as a percentage of the total area of vegetation is very small, indicating only a minimal benefit 
to vegetation might be expected under the 2800 scenario.
The duration of inundation at Hattah Lakes under different ARIs is shown in Table 3.9. As at the Barmah–Millewa Forest 
and Gunbower–Koondrook–Perricoota Forest, there is a modest increase in the proportion of flow events of at least 30 
days, 60 days and 90 days at ARIs of 1-in-2 and 1-in-5 years under the 2800 scenario relative to the baseline scenario.
Table 3.8 Area (ha) of inundation of floodplain vegetation communities at Hattah Lakes at average recurrence intervals of 1-1,
1-in-2, 1-in-5 and 1-in-10 years under the without-development, baseline and 2800 scenarios; and change in inundated area 
under the 2800 scenario as a percentage of inundated area under the baseline scenario; and percentage of gain in area of 
vegetation (2800 – baseline), relative to the area lost (without development – baseline)
Average recurrence 
interval
Without 
development Baseline 2800 2800 2800
ha % change in area from baseline
% of gain in area 
relative to loss*
River red gum (area in the RiM-FIM region for this site: 5792 ha) 
1-in-1 year 8 5 5 0% 0%
1-in-2 years 954 22 64 191% 5%
1-in-5 years 2436 992 1626 64% 44%
1-in-10 years 2765 2052 2178 6% 18%
Black box (area in the RiM-FIM region for this site: 5506 ha) 
1-in-5 years 2251 896 1489 66% 44%
1-in-10 years 2563 1883 2003 6% 18%
Lignum (area in the RiM-FIM region for this site: 3066 ha) 
1-in-1 year 0 0 0 0% 0%
1-in-2 years 409 6 25 317% 5%
1-in-5 years 1258 429 819 91% 47%
1-in-10 years 1459 1048 1157 10% 27%
* % of gain in area of vegetation under the 2800 scenario (area under the 2800 scenario minus area under the baseline 
scenario) relative to the area lost under the baseline scenario (area under the without-development scenario minus area under 
the baseline scenario)
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Table 3.9 Duration of inundation at Hattah Lakes expressed as the number of events above ARI flow (ML/day), and the 
percentage of those events that exceed published flood duration requirements* for river red gum, black box and lignum
Average recurrence 
interval
Without 
development Baseline 2800
1-in-1 year
Flow (ML/day) 23,966 15,397 15,410
Number of events 143 143 160
% of events t 30 days 79.02% 67.1% 62.5%
% of events t 60 days 72.7% 49% 56.9%
% of events t 90 days 66.4% 37.1% 55%
1-in-2 years
Flow (ML/day) 75,444 39,276 48,474
Number of events 77 64 61
% of events t 30 days 61.8% 71.9% 73.8%
% of events t 60 days 25% 50% 55.7%
% of events t 90 days 40.7% 34.4% 32.8%
1-in-5 years
Flow (ML/day) 132,330 76,220 88,447
Number of events 29 26 22
% of events t 30 days 34.5% 46.2% 50%
% of events t 60 days 13.8% 26.9% 27.3%
% of events t 90 days 16.7% 15.4% 13.6%
1-in-10 years
Flow (ML/day) 167,680 108,457 115,672
Number of events 10 16 15
% of events t 30 days 30% 50% 46.7%
% of events t 60 days 20% 18.8% 20%
% of events t 90 days 0% 18.8% 20%
*River red gum: % of events t 60 days. Black box: % of events 
t30 days / 60 days. Lignum: % of events t 90 days (Roberts and 
Marston, 2011; Rogers and Ralph, 2010).
3.5.8 Inundation of vegetation in the Riverland–Chowilla Floodplain 
The Riverland–Chowilla Floodplain (including Lindsay–Wallpolla and Mulcra Island floodplains) covers an area of 
86,000 ha (MDBA, 2010a). Only 64,590 ha is mapped within the RiM-FIM region. The Riverland–Chowilla Floodplain is 
Ramsar listed and is a Living Murray Icon Site.
The inundation extent of each vegetation community is shown in Table 3.10. There are significant increases in area 
inundated under the 2800 scenario at an ARI of 1-in-5 years compared to that under the baseline scenario: 90% (4301 
ha) for black box, 54% (4433 ha) for river red gum, and 80% (5415 ha) for lignum, which represents a near doubling of 
the inundated area of lignum relative to the baseline scenario. Small changes are apparent at an ARI of 1-in-2 years 
which is likely to benefit river red gum along watercourses.
The duration of inundation at the Riverland–Chowilla Floodplain under different ARIs is shown in Table 3.11. As at other 
hydrologic indicator sites considered so far, there is only a modest increase in the proportion of flow events lasting at 
least 30 days and 60 days at ARIs of 1-in-2 and 1-in-5 years under the 2800 scenario relative to the baseline scenario, 
but the proportion of flow events lasting 90 days or more almost doubles.
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Table 3.10 Area (ha) of inundation of floodplain vegetation communities at the Riverland–Chowilla Floodplain at average 
recurrence intervals of 1-in-1, 1-in-2, 1-in-5 and 1-in-10 years under the without-development, baseline and 2800 scenarios; 
change in area under the 2800 scenario as a percentage of area under the baseline scenario; and percentage of gain in area of 
vegetation (2800 – baseline), relative to the area lost (without development – baseline)
Average recurrence 
interval
Without 
development Baseline 2800 2800 2800
ha % change in area from baseline
% of gain in area 
relative to loss*
River red gum (area in the RiM-FIM region for this site: 21,967ha)
1-in-1 year 742 417 414 –1% 0%
1-in-2 years 8376 1,053 1,617 54% 7%
1-in-5 years 18,419 8,164 9,210 54% 10%
1-in-10 years 19,342 16,873 17,938 6% 43%
Black box (area in the RiM-FIM region for this site: 24,798 ha)
1-in-5 years 17,292 4,798 9,099 90% 34%
1-in-10 years 18,751 15,263 16,636 9% 39%
Lignum (area in the RiM-FIM region for this site: 23,813 ha)
1-in-1 year 316 159 175 10% 10%
1-in-2 years 6,911 480 826 72% 5%
1-in-5 years 19,178 6,748 12,163 80% 44%
1-in-10 years 20,314 17,319 18,588 7% 42%
* % of gain in area of vegetation under the 2800 scenario (area under the 2800 scenario minus area under the 
baseline scenario) relative to the area lost under the baseline scenario (area under the without-development scenario 
minus area under the baseline scenario)
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Table 3.11 Duration of inundation at Riverland–Chowilla Floodplain expressed as the number of events above ARI flow 
(ML/day), and the percentage of those events that exceed published flood duration requirements* for river red gum, black box 
and lignum
Average recurrence 
interval
Without 
development Baseline 2800
1-in-1 year
Flow (ML/day) 26,244 14,969 15,998
Number of events 146 145 163
% of events t 30 days 76.6% 63.4% 65.4%
% of events t 60 days 66.9% 46.9% 57.4%
% of events t 90 days 60.7% 36.6% 52.5%
1-in-2 years
Flow (ML/day) 65,064 34,537 43,746
Number of events 86 78 78
% of events t 30 days 67.4% 66.7% 67.9%
% of events t 60 days 46.5% 48.7% 52.6%
% of events t 90 days 36.04% 33.3% 38.5%
1-in-5 years
Flow (ML/day) 110,017 64,730 77,260
Number of events 26 35 25
% of events t 30 days 38.5% 45.7% 48%
% of events t 60 days 15.4% 28.6% 28%
% of events t 90 days 11.5% 14.3% 26%
1-in-10 years
Flow (ML/day) 139,320 91,003 100,064
Number of events 9 14 11
% of events t 30 days 44.4% 57.1% 36.4%
% of events t 60 days 22.2% 21.4% 27.3%
% of events t 90 days 11.1% 21.4% 27.3%
River red gum: % of events t 60 days. Black box: % of events t 30
days / 60 days. Lignum: % of events t 90 days (Roberts and Marston, 
2011; Rogers and Ralph, 2010).
3.5.9 Vegetation habitat suitability in the Lower Murrumbidgee River Floodplain
The Lowbidgee DSS (SKM, 2011) was used to model the change in suitability of vegetation habitat in the Lowbidgee, 
Yanga, Nimmie Caira system (Table 3.12). The outcomes of four communities were modelled (river red gum forest and 
woodland, black box woodland and lignum shrubland), as minimum, median and maximum habitat preference scores as 
a measure of the relative suitability of the habitat for each community. In interpreting the results, the preference scores 
represent an annual output from the model (results are not event-based, unlike the reported outcomes from the other 
DSS). This explains the generally low preference scores under each of the scenarios tested, including under the without-
development scenario. 
Under the 2800 scenario, all median habitat suitability scores show a greater than 100% improvement relative to the 
baseline scenario. The exception is black box which improves above that under the without-development scenario;
however, black box woodlands make up only a small proportion of the vegetation community at this site.
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Table 3.12 Modelled habitat preference scores for vegetation communities on the Lower Murrumbidgee River Floodplain 
showing percentage change in score under the 2800 scenario relative to the baseline scenario. Vegetation types are only 
associated with the DSS reporting areas in which that species is known to occur
Without
development Baseline 2800 2800
score (0 to 1) % change in scorefrom baseline
River red gum forest
Minimum 0 0 0 0%
Median 0.21 0.035 0.082 134%
Maximum 0.8 0.74 0.72 –2.7%
River red gum woodland
Minimum 0 0 0 0%
Median 0.16 0.043 0.1 133%
Maximum 0.8 0.74 0.72 –2.7%
Lignum
Minimum 0 0 0 0%
Median 0.24 0.066 0.18 172%
Maximum 0.62 0.56 0.56 0%
Black box
Minimum 0 0 0 0%
Median 0.015 0.0038 0.017 347%
Maximum 0.35 0.43 0.47 9.3%
3.5.10 Vegetation habitat suitability in the Macquarie Marshes
The Macquarie Marshes IBIS DSS (Fu et al., 2011c) was used to model vegetation response in the Macquarie Marshes.
The model outputs suggest there is little to no difference between baseline and 2800 scenarios (less than 2%). The
difference between these scenarios and the without-development scenario is also less than 2% (data not shown). This 
result contrasts with previous equivalent model runs using NSW Office of Environment and Heritage scenarios. Although 
a greater cumulative volume was provided for within the 2800 scenario, the median duration of events is less than under
the baseline scenario. The reduced duration in events reflects the characteristics of flow delivery, i.e. attempting to 
deliver high volumes in short periods, which leads to events not meeting ecological requirements. 
3.5.11 Vegetation habitat suitability in the Narran Lakes
The Narran Lakes IBIS DSS (Fu et al., 2011a) was used to model vegetation response. Within the DSS, habitat 
preference models were used, with outcomes presented here as a mean habitat preference over the 44 years of 
observed data (1964 to 2008) used in the DSS models (Table 3.13).
Chapter 3 Ecological benefits ƒ 51
Table 3.13 Modelled number of events, number of event days, and habitat preference scores (0 to 1) for vegetation 
communities in the Narran Lakes under the without-development, baseline and 2800 scenarios, and percentage change in 
habitat preference scores under the 2800 scenario relative to the baseline scenario
Scenario Without development Baseline 2800 2800
% change
from baseline
Number of events 39 26 29
Number of event days 8019 4256 6046
Habitat preference scores
River red gum 0.73 0.50 0.56 12%
Coolibah 0.45 0.30 0.33 10%
Lignum 0.74 0.50 0.57 14%
There are fewer events under the baseline and 2800 scenarios, relative to the without-development scenario. Three 
more events occur under the 2800 scenario, and there are 42% more event days relative to the baseline scenario. The 
increase in wetting is manifested in the higher habitat preference scores for the three vegetation types modelled. The low 
preference scores for Coolibah, including those under the without-development scenario, reflect the lack of knowledge 
associated with water requirements for this species (Roberts and Marston, 2011).
3.5.12 Floodplain vegetation: conclusions
In general, areas of vegetation that were inundated for durations of 30 days or longer increased under the 2800 
scenario). Median habitat condition scores for river red gum forest and woodland, lignum shrubland and black box 
woodland in the Lower Murrumbidgee River Floodplain and Narran Lakes all improve under the 2800 scenario relative to
the baseline scenario (Table 3.12). A greater proportion of events meeting the flood duration requirements of the 
vegetation communities occurs under the 2800 scenario relative to the baseline scenario.
Under the 2800 scenario, the largest additional areas of river red gum forest and woodland inundated along the River 
Murray within the RiM-FIM boundary is more than 14,000 ha (at ARI of 1-in-5 years), an increase of 11% relative to the 
baseline scenario (Table 3.3). The largest predicted additional area of lignum inundated is about 12,000 ha (at 1-in-5
ARI), an increase of 72% above the baseline scenario, whereas the additional area of black box woodland inundated is 
13,500 ha (at 1-in-5 ARI), an increase of 54%.
The largest increases in area inundated under the 2800 scenario are for the vegetation communities on those parts of 
the floodplain with average recurrence intervals of 1-in-2 and 1-in-5 years. Smaller within-channel events make relatively 
little difference to these vegetation communities. The large floods, corresponding to ARIs of 1-in-10 years, remain largely 
unchanged by managed flows, and targets for environmental water requirements are generally not met for vegetation on 
higher parts of the floodplain. These areas of the floodplain are likely to remain vulnerable under the 2800 scenario. Over 
the entire floodplain the river red gum forest and woodland benefits most because the majority of it is within areas with 
ARIs of 1-in-2 years and 1-in-5 years. But over half the area of lignum and nearly two-thirds of the area of black box 
(under the 2800 scenario) are above this range and miss out on these moderate-level flow events. The persistence of 
these communities on the upper mid-floodplain will depend on high natural flow events and rainfall. 
Changes in area of inundation of river red gum forest and black box woodland at the Barmah–Millewa Forest are 
negligible. Floods at the Barmah–Millewa Forest are propagated by unregulated backflow from Barmah and Moira lakes 
connecting with flows from a series of regulated distributary channels. RiM-FIM is less accurate at this site because the 
effects of the regulators are not fully accounted for.
Limitations of the modelling include the fact that ARIs are not a particularly robust approach for comparisons because the 
number of flow events change, making the analysis of duration and extent potentially misleading, particularly with ARIs of 
1-in-10 years. The relationship between flows, extent and duration of wetting of a floodplain is still a critical knowledge 
gap, not least because there is a difference in duration of an event as measured at a particular gauge on a river and the 
duration of an event on the floodplain itself.
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The results of the analyses of the MDBA environmental water requirements and the modelling of vegetation responses to 
inundation show some common patterns. These patterns are more evident in the southern Basin than in the north. Both 
indicate that the floodplain vegetation communities likely to benefit most under the 2800 scenario are those on lower and 
lower-mid floodplains that will receive moderate size flows of average duration that can be delivered relatively frequently.
Vegetation communities at higher elevations on the mid- and upper floodplain that receive inundation from less frequent, 
high-flow events are less likely to benefit under the 2800 scenario. These communities include black box woodland,
some river red gum woodland and some lignum shrubland. Operational constraints to the delivery of high flows to these 
parts of the floodplain mean that their environmental water requirements are likely to be met only if these constraints can 
be overcome through such measures as works and measures, and provision of additional environmental water. These 
communities will continue to rely for inundation on sporadic large unregulated flows driven by high rainfall and inflows in 
relatively wet years. 
3.6 Native fish
3.6.1 Background
Native fish species in the Basin have suffered serious decline in both distribution and abundance since European 
settlement (Lintermans, 2007). In the Sustainable Rivers Audit, analyses of the fish abundance and biomass found that 
three valleys were rated moderate, nine poor, three very poor and eight extremely poor, with many being dominated by 
carp (Davies et al., 2008). Key factors that are hypothesised as contributing to this decline include human-made barriers 
to fish movement and habitat deterioration through flow regulation and structural changes, including removal of riparian 
vegetation and instream woody debris. Other pressures include the predation and competition from alien fish and 
reduction of water quality.
Within the Basin, barriers have resulted in a reduction in fish passage. Lintermans (2007) estimated that there are 
4000 barriers within the Basin, of which 55 have fishways. The presence of barriers restricts the movement of 
migratory fish species and limits the recolonisation potential of native fish in areas where species have become locally 
extinct. The history of evidence strongly supports that barriers have reduced the distribution and diversity of fish in the 
Basin (Cadwallader, 1978; Gehrke and Harris, 2001; Gehrke et al., 2002), with before and after monitoring showing the 
decline of fish species downstream of barriers. 
Downstream of large storages, changes in flow and thermal regimes have also had marked effects on native fish. Fish 
have evolved such that specific minimum water temperatures and flow regimes are required to fulfil reproductive 
processes (Cadwallader, 1978; Humphries et al., 2002; Koehn and O'Connor, 1990). As a result of cold water releases 
from major storages, large expanses of river channel can become uninhabitable for native species, and preferencing 
introduced species such as salmonids (Cadwallader, 1978). Salmonidae were introduced in Australia in the late 1800s as 
recreational species (Arthington and McKenzie, 1997) with stocking still occurring for this purpose in parts of Victoria.
River regulation has also altered the flow regime in the Basin, resulting in reduced connectivity between the river channel 
and floodplain. This is accompanied by a loss of low-flow periods during spring–summer, which coincides with the 
reproductive season of many native fish. Low-flow periods are important determinants in the recruitment success of 
some native species (Humphries et al., 1999; Humphries and Lake, 2000). By increasing the stability of flows and 
reducing the frequency of disturbance, river regulation has disadvantaged specialist species while favouring generalist 
species (Cadwallader, 1978; Humphries and Lake, 2000; Gehrke and Harris, 2001). 
Structural changes to local-scale habitats in the Basin include a loss of riparian vegetation and past removal of wood 
debris in channels. Riparian vegetation communities act as a source of carbon to the river, provide shading and act as a 
source for woody debris. Woody debris forms an important component of fish habitat, provides spawning sites and can 
prevent overexploitation of biota (Koehn and O'Connor, 1990).
With the changes in flows as result of regulation, self-sustaining communities of alien species have become established 
throughout the Basin. Species include the common carp (Cyprinus carpio), goldfish (Carassius auratus), gambusia 
(Gambusia holbrooki) and redfin perch (Perca fluviatilis). These species are considered habitat generalists, and are 
known to thrive in disturbed habitats (Stanford et al., 1966). These habitats have often become unsuitable for native fish. 
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For assessment of responses of fish communities to restored flows, few catchment- and Basin-scale models are 
available. One such tool developed for the then Murray-Darling Basin Commission is the Murray Flow Assessment Tool 
(MFAT) (Young et al., 2003). MFAT represents outcomes of flow scenarios for a range of water-dependent taxa, 
including fish. Fish are represented as functional groups (e.g. flood spawners, wetland specialists). Preference curves for
each group were defined using published literature and expert opinion. Curves were developed for variables such as flow 
and spawning timing and flow duration. These were spatially differentiated through an expert-based process. Recent 
work by Lester et al. (2011) has evaluated the fish model in MFAT by testing model predictions against fish survey data 
collected as part of the Sustainable Rivers Audit. Using lagged correlations, a significant relationship between predicted 
habitat from MFAT and abundance of a fish group was found, although these correlations were weak for most groupings. 
The strongest of correlations was with the main channel generalists, which were the most abundant of native grouping in 
the audit. Further evaluation of MFAT is being undertaken so as to inform future modelling efforts for fish.
Other than MFAT, the approach of using habitat preference curves for assessment of habitat suitability models, including 
fish, have been previously applied as part of the Instream Flow Incremental Methodology (Bovee, 1982), and its 
associated software the Physical Habitat Simulation System (Shuler and Nehring, 1993), EcoModeller (Marsh et al., 
2007) and the IBIS DSS (Merritt et al., 2009; Merritt et al., 2010). Each of these models use habitat suitability indices 
derived using professional judgement. EcoModeller, developed by the eWater CRC, represents a more flexible approach 
to modelling than MFAT, allowing a range of flow response models to be built, using preference curves as one style of 
representation. At the time of this assessment, the hydrologic tools to calculate daily flow metrics which are required as 
input to EcoModeller have not been finalised and therefore this tool was not used. As many of the preference curves in 
EcoModeller are derived from MFAT, the MFAT tool was used for analyses.
3.6.2 Assessment of delivery of environmental water requirements for native fish
Under the Basin Plan, the desired outcomes for fish communities at a Basin scale are to enhance habitat for fish by 
targeting provision of baseflows for refugia, in-channel freshes for triggers of spawning and migration, and wetting of 
permanent and semi-permanent wetlands for provision of breeding and feeding habitat (MDBA, 2011a). MDBA modelling 
indicates that an environmentally sustainable level of take of 10,873 GL will provide environmental outcomes across 
instream, riparian, wetland and low-level floodplain habitats for a range of biota, including fish (MDBA, 2011a). 
In the Condamine–Balonne region, all targets other than the 1200 ML/day show a reduction in the average interval 
between events (MDBA, 2012). Consequently, in-channel habitat requirements do not benefit under the BP-2800
scenario, and such flow peaks that act as triggers for spawning and migration are not achieved. Improvements in the 
operations and access rules in the Condamine–Balonne region are recommended in MDBA (2011a) to achieve these 
outcomes. In the Border Rivers region, which has a rich native fish community, freshes (4000 ML/day) are improved 
under the BP-2800 scenario as part of the in-channel flow regime, but not at the frequency specified (MDBA, 2012).
Policy setting such as targeted water recovery, water shepherding and carry over provisions are required to better 
desired outcomes in the Border Rivers (MDBA, 2012, p 62).
The Namoi region has a significant native fish community, including listed and endangered species. Unlike in other 
regions, the Namoi environmental water requirements are not based around an ‘iconic’ wetland, but are focussed on 
lateral connections and instream flow requirements. Flow requirements are met under the BP-2800 scenario, and 
environmental water recovery is likely to benefit fish communities through provision of breeding and maintenance habitat.
Under the BP-2800 scenario, native fish communities in the Gwydir Wetlands are also likely to benefit from increased 
lateral connectivity, and a reduction in maximum dry periods between events.
The Barwon–Darling region provides habitat for significant native fish communities, and whilst additional recovery of 
environmental water through reductions in diversions can benefit in-channel and riparian requirements, operational 
constraints prevent meeting of requirements on floodplains. Modelling of flows in the Barwon–Darling region show no 
improvement at Wilcannia under the BP-2800 scenario relative to the baseline scenario, but do show an improvement at 
Louth and Bourke. Targets are within the frequency requirements for low and moderate flow targets (MDBA, 2012) and 
are likely to benefit fish communities through provision of instream habitat and recruitment opportunities.
There are no instream and or low elevation floodplain targets for fish in the Macquarie–Castlereagh region – the 
significance of native fish communities and how their flow requirements can be met is not reported in any detail by the 
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MDBA. In the Lachlan region targets for native fish are not subject to delivery constraints (MDBA, 2011a) and 
requirements meet frequencies specified (MDBA, 2012).
All southern Basin regions support diverse native fish communities, including endangered and threatened species. Lower 
Murrumbidgee environmental water requirements are achieved under the BP-2800 scenario, providing important habitat 
for native fish and other aquatic fauna. Although in-channel targets are achieved in the mid-Murrumbidgee, overbank 
flows are subject to constraints, restricting the movement of fish to off-channel habitats. Likewise the Lower Goulburn, 
Campaspe, and Loddon regions each have improvements in instream habitats under the BP-2800 scenario, but require 
unregulated flows for inundation of low elevation floodplains and they have delivery constraints for wetting mid- to high-
elevation floodplains. The Murray region sites have increased frequencies of inundation of low elevation floodplains of up 
to approximately 40,000 ML/day, which is likely to benefit fish communities that access off-channel habitats for foraging 
and breeding purposes. Under the BP-2800 scenario, an in-channel requirement of 20,000 ML/day at Riverland-Chowilla 
targeting native fish shows an increased frequency of 30% relative to the baseline scenario, benefiting fish spawning and 
recruitment.
Some species of fish require high-flow events because flooding is a trigger for spawning; some benefit from occasional 
low flows; while others show no specific response to altered flows (see below). The divergent requirements of different 
species, combined with a lack of response to flows by others, underlines the complexities and uncertainties in the setting 
of flow targets that are likely to be of benefit to native fish. An additional complication is that water quality is a major 
determinant of native fish populations. The setting of flow targets for improvement of water quality in order to benefit 
native fish, and integrating them with flow response requirements for native fish, requires a sophistication of the 
interactions between flow, water quality and native fish population responses that cannot be achieved with the existing 
data, models and knowledge base.
Uncertainties in the setting of flow targets means there are relatively few environmental demands in the hydrologic 
modelling for the 2800 scenario that relate specifically to the habitat requirements of native fish. The Sustainable Rivers 
Audit (Davies et al., 2008) demonstrated that in addition to the hydrologic indicator sites identified, the Macquarie 
(including the Castlereagh), Lachlan, Goulburn (including the Broken) and Murrumbidgee catchments and the Darling 
and River Murray channels are important habitats for native fish. The lack of flow requirements that specifically target 
native fish makes it difficult to assess how native fish in these river systems are likely to benefit under the 2800 scenario
and additional modelling is required. The following section only partially fulfils this modelling need.
3.6.3 Native fish habitat suitability modelling
In reporting outcomes for fish habitat, the MFAT calculates an overall fish habitat score for each annual period of 
modelled flow. This score combines weighted metrics for adult and recruitment across fish groupings within a zone, 
where a zone represents a combination of flow gauging sites. For the purposes of this report, only the recruitment metric 
is reported and reporting is at a flow gauge rather than a zone. The fish habitat score was not used because it is largely 
based on structural habitat (e.g. water temperature, woody debris, channel condition), which is treated as a state variable
in MFAT. Therefore, it is assumed that the variable is static (i.e. does not change) over the simulated period. For further 
information on MFAT, see Young et al. (2003).
The fish recruitment condition metric represents a combination of preference curves for spawning and larval habitat 
condition. These curves are largely flow dependent. Depending on the fish grouping of interest, preference curves can be 
defined for: 
x Spawning habitat: flood magnitude, spawning timing, rate and duration of flow rise and fall, substrate condition 
as a function of flushing flows and percentiles of flow
x Larval habitat: inundation area and duration, dry period, rate of flow fall and percentiles of flow.
The fish groupings used in this analyses, and a descriptive summary of their flow requirements, are shown in Table 3.14.
Chapter 3 Ecological benefits ƒ 55
Table 3.14 Fish groupings and their flow habitat requirements used for the analysis
Fish grouping Representative species Spawning and recruitment flow requirements
Main channel generalists Australian smelt, bony herring, flathead gudgeon Spawn and recruit in high or low flow in the main channel
Main channel specialists Murray cod, trout cod, river blackfish, two-spined blackfish
Spawn and recruit during high or low flow in the main 
channel
Flood spawners Golden perch, silver perch Spawn and recruit following flow rises; major spawning occurs during periods of floodplain inundation
Macquarie perch Floodplain inundation is not required, but spawning is enhanced by rising flows
Results of analyses of without-development, baseline and 2800 scenarios are presented in the following section by fish 
grouping for nine sites on the River Murray (upper to Lower Murray sites), two sites on the Lower Darling River, three 
sites on the Murrumbidgee River and three sites on the Border River. These sites are identified by shortened forms 
which are described within the relevant captions.
3.6.4 Fish habitat response in the River Murray
There are few differences between the scenarios for main channel generalists (Figure 3.7a). However, at the Upper Mitta 
River at Colemans, Overland Corner and Lock 1 there is a slight reduction in the upper percentile of the distribution 
under the 2800 scenario relative to the baseline scenario. All scores are relatively high. Scores under the baseline 
scenario differ little from those under the without-development scenario, and their upper ranges are higher in places 
under the baseline scenario relative to the without-development scenario. These results also hold for main channel 
specialists, although there is a 9% increase in habitat suitability at Yarrawonga under the 2800 scenario relative to the 
baseline scenario, regaining about half the loss under the baseline scenario relative to the without-development scenario
(Figure 3.7b) .
There are three locations where habitat suitability for flood spawners under the baseline scenario is worse than under 
without-development (Edward, Wakool and Lock 7). Only at Lock 7 does habitat suitability improve under the 2800 
scenario, recovering to about two-thirds of that under the without-development scenario (Figure 3.7c). The two sites 
upstream of Lock 7 have improvements of about 6%. These results are consistent with a predicted increase in inundation 
frequency in the Lower Murray under the 2800 scenario.
There is only one location, Lower Mitta Mitta, where habitat suitability for Macquarie perch under the baseline scenario is
worse than under the without-development scenario. Habitat suitability for Macquarie perch improves in the Lower 
Murray under the 2800 scenario relative to the baseline scenario: 12% at Overland Corner and 45% at Lock1 (Figure 
3.7d). These responses are also likely to be due to increased inundation at these sites.
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Figure 3.6 Example of a boxplot
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(a) Main channel generalist
(b) Main channel specialist
(c) Flood spawner
(d) Macquarie perch
Figure 3.7 Fish habitat suitability scores for River Murray sites under the without-development, baseline and 2800 scenarios.
Note: for information on the interpretation of boxplots, here and elsewhere in this report, see Figure 3.6
Note: Site codes that relate to gauges: UpperMitta – Upper Mitta River at Colemans; LowerMitta – Lower Mitta River at Tallandoon;
Yarrawonga – River Murray downstream of Yarrawonga Weir; Edward – Edward River downstream of Stevens Weir; Coligan –River 
Murray at Colignan; Wakool – River Murray downstream of Wakool Junction; Lock7 – River Murray upstream of Lock 7 weir; Mullaroo –
Mullaroo Creek; Lock3 – River Murray downstream of Lock 3; Lock1 – River Murray downstream of Lock 1
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3.6.5 Fish habitat response in the Lower Darling River
Habitat suitability under the baseline scenario is similar to that under the without-development scenario for main channel 
generalists and specialists, though showing a greater range of variation at Weir32 (Figure 3.8a,b). At both Weir32 and 
Wycot, habitat suitability for flood spawners under the baseline scenario is worse than under the without-development
scenario, though habitat suitability shows no improvement under the 2800 scenario (Figure 3.8c). 
(a) Main channel generalist
(b) Main channel specialist
(c) Flood spawner
Figure 3.8 Fish habitat suitability scores for Lower Darling River sites under the without-development, baseline and 2800
scenarios
Note: Site codes that relate to gauges: Weir32 – Darling River at Weir 32; Wycot – Darling River at Wycot.
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3.6.6 Fish habitat response in the Murrumbidgee River
Habitat suitability under the baseline scenario is lower than under the without-development scenario for main channel 
generalists and specialists at both Gundagai and at Redbank Weir, and is slightly lower at Redbank Weir for floodplain 
spawners and Macquarie perch (Figure 3.9a,b,c). The sites on the Murrumbidgee showed little change in predicted 
habitat suitability under the 2800 scenario relative to the baseline scenario, although there was a 10% improvement in 
recruitment habitat for main channel generalists, and a smaller increase for main channel specialists, at Redbank Weir 
under the 2800 scenario (Figure 3.9a).
(a) Main channel generalist
(b) Main channel specialist
(c) Flood spawner
(d) Macquarie perch
Figure 3.9 Fish habitat suitability scores for Murrumbidgee River sites under the without-development, baseline and 2800
scenarios
Note: Site codes that relate to gauges: Gundagai – Murrumbidgee River at Gundagai; RedbankWeir – Murrumbidgee River downstream 
of Redbank Weir
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(a) Main channel generalist
(b) Main channel specialist
(c) Flood spawner
Figure 3.10 Fish habitat suitability scores for Border Rivers sites under the without-development, baseline and 2800 scenarios
Note: Site codes that relate to gauges: MacintyreBrook – Macintyre Brook; Barwon – Barwon River; LowerMacintyre – Lower Macintyre 
River
3.6.7 Fish habitat response in the Border Rivers
Habitat suitability under the baseline scenario is lower than under the without-development scenario for flood spawners 
at all three sites in the Border Rivers, though there is little difference between these scenarios for main channel 
generalists or specialists (Figure 3.10). The Border Rivers sites show little change in predicted habitat suitability under 
the 2800 scenario relative to the baseline scenario for any of the groups of fish. The main reason for this is that there 
was relatively little change in flows predicted between the scenarios.
3.6.8 Native fish: conclusions
The predicted changes in recruitment habitat are highest in flood spawners which require floodplain inundation or rising 
flows to fulfil their recruitment requirements. This is consistent with the environmental requirements for low elevation 
floodplains that occur more frequently under the 2800 scenario at sites on the Murray River. Floodplain spawners are 
also the group that shows most decrease under the baseline scenario relative to the without-development scenario, on 
the Murray, the Lower Darling and the Border Rivers, though not the Murrumbidgee. By way of contrast, floodplain 
generalists, floodplain specialists and Macquarie perch tend to show less decrease, or no decrease, in their habitat 
suitability scores under the baseline scenario, suggesting that for them flow is not the major driver of habitat suitability.
Channel generalists and specialists are less dependent than floodplain spawners on overbank flows. Consequently, 
these two groups tend to have high habitat suitability scores under the without-development, baseline and 2800 
scenarios, with relatively little difference in scores between scenarios. An exception for channel specialists is the higher 
habitat preference scores under the 2800 and baseline scenarios relative to the without-development scenario on the 
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Upper Mitta Mitta. This site is just downstream from Dartmouth Dam, so the score under the without-development 
scenario indicates the habitat was less suitable prior to the dam being built. There is also a slight improvement in habitat 
suitability score for channel specialists under the 2800 scenario relative to the baseline scenario downstream of 
Yarrawonga Weir.
The results of habitat suitability modelling for native fish suggest that existing flow regimes are generally suitable for the 
recruitment processes of channel generalists and specialists. The MFAT habitat suitability model does not account for 
factors other than flow regime that impact upon fish populations and communities. These include harvesting by 
recreational and commercial fishing, water quality (e.g. the effects of blackwater) and food availability. Other factors,
including alteration in thermal regimes due to dam releases of cold water from storages, historical removal of woody 
debris as habitat and the impact of invasive species were mentioned in the Background section (3.6.1). There are no 
models available that take these factors into account and MFAT represents the only option currently available to model 
fish responses to flows. It is important to note that the lack of significant differences in habitat preference scores for 
channel specialists and generalists does not mean altered flow has no adverse impact on native fish populations.
3.7 Waterbirds
3.7.1 Background
Colonial breeding waterbirds including eastern great egret (Ardea modesta), intermediate egret (Ardea intermedia), little 
egret (Egretta garzetta), nankeen night heron (Nycticorax caledonicus), Australian white ibis (Threskiornis molucca),
glossy ibis (Plegadis falcinellus), straw-necked ibis (Threskiornis spinicollis), and royal spoonbill (Platalea regia) breed 
throughout the Basin, sometimes in mixed colonies numbering in the hundreds of thousands (Marchant and Higgins, 
1990). They also breed in coastal areas of New South Wales, Victoria and Queensland, in more inland areas and in the 
Northern Territory. It is unclear whether each species functions as an Australia-wide population, or whether there are 
subpopulations confined to different regions that are independent of each other. Some anecdotal evidence suggests that 
some populations may function at the Basin scale or perhaps even at the sub-Basin scale (Reid et al., 2009). Modelling 
suggests that most of the adult egret population needs to breed in most years in order to be sustained (Arthur, 2011,
Figure 3.11). Similar rates of breeding are probably required for many of the other species listed above, which have 
similar life histories. The frequency of breeding events, and the size of breeding populations, of colonial nesting 
waterbirds in many of the key wetlands has declined dramatically due to river regulation and water resource development 
(Kingsford and Auld, 2005; Leslie, 2001; MDBA, 2010a). Increasing the frequency of breeding events is required, through 
management of environmental water and provision of suitable habitat, in order to sustain waterbird populations.
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Figure 3.11 Average population size over 30 years (±2 standard errors) from 100 simulations of a stage-structured egret 
population model (from Arthur, 2011)
Colonial nesting waterbirds breed during extended periods of flooding. The flood duration required, from initiation of 
breeding through to successful fledging, may be several months, depending on species (Briggs and Thornton, 1999; 
Reid et al., 2009). If thresholds of flood depth and duration are not exceeded, successful breeding will not occur. Once 
the threshold is exceeded, the size of the breeding event (i.e. the number of nests) tends to be positively correlated 
with the area of floodplain inundated (Kingsford and Auld, 2005; Kingsford and Johnson, 1998). The relationship 
between channel discharge and the resultant floodplain inundation patterns which result in successful breeding 
events differ geographically and may show seasonal variation between locations. In the report on the environmentally 
sustainable level of take (MDBA, 2011a), a range of targets are described for meeting the environmental water 
requirements of waterbirds at different sites. For Barmah–Millewa Forest, breeding was associated with a flow of 15,000 
ML/day for a sum total of 5 months (based on work in Reid et al., 2009). For the Macquarie Marshes, different-sized 
breeding events were associated with accumulated flows totalling 250, 400 and 700 GL (based on Kingsford and Auld,
2005). For the Gwydir Wetlands, successful breeding was based on a flow of 25,000 ML/day for two days (note that this 
target has changed since this analysis was finalised); for Narran Lakes, the threshold was 100 GL in a year; for Booligal 
Wetlands and Lachlan Swamp it was 2,500 ML/day for more than 50 days; for the Great Cumbung Swamp, 2,700
ML/day for more than 30 days; and for the Lower Darling River System, 45,000 ML/day for two days. 
In this section, the environmental water requirements are used to assess the frequency of possible breeding events 
under the without-development, baseline and 2800 scenarios. The results have been combined to provide an estimate of 
possible breeding frequency achieved at the Basin scale for many colonial nesting waterbirds, as these sites cover most 
of the major Basin breeding sites for these species. In addition, the possible breeding frequencies were assessed at a 
subset of sites using DSSs (Lower Murrumbidgee River Floodplain, Narran Lakes, Gwydir Wetlands), and the MFAT
(Barmah–Millewa Forest). It is important to note that the hydrology used in these DSSs is that provided by the MDBA and 
hence it is constrained by the environmental water requirements. Different hydrologic patterns may produce better 
outcomes under the DSSs. In this section, results within different hydrologic indicator sites are compared, and the 
patterns across the Basin, and their implications for waterbirds, are discussed.
3.7.2 Assessment of delivery of environmental water requirements for waterbirds
Because breeding results were used to assess the environmental water requirements, an assessment of meeting 
environmental water requirements is included in each of the following sub-sections (3.7.3 to 3.7.11), with the results 
summarised for both breeding and environmental water requirements in Table 3.17.
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3.7.3 Waterbird breeding in the Lower Murrumbidgee Wetlands
The Lowbidgee DSS (SKM, 2011) was used to model habitat suitability (0 to 1 scale) and likely consequent egret and 
ibis breeding in 8 of the 38 DSS reporting areas (listed in Table 3.15). These species were chosen in the DSS to capture 
breeding conditions required for most colonially nesting species. Median habitat suitability indices for ibis and egrets 
under each scenario for the eight reporting areas are given in Table 3.15. It is important to note that the Lowbidgee DSS
does not include sites from the broader Lowbidgee Floodplain. (e.g. Telephone Bank, Eulimbah and Nap Nap) where 
significant ibis and egret breeding occurs. Ignoring these sites may have a large impact on estimates of the overall 
breeding activity on the Lowbidgee Floodplain when comparing results under different scenarios.
Table 3.15 shows that for three of the eight reporting areas there is an improvement in the median habitat suitability 
score for egret and ibis under the 2800 scenario relative to the baseline scenario, with the score under the 2800 scenario 
returning to something close to the score under the without-development scenario in most cases. Under the without-
development scenario, median habitat suitability scores differ between reporting areas and between egrets and ibis. 
Median habitat suitability scores for both groups of bird are low in three of the eight reporting areas. Median (and 
maximum – data not shown) habitat suitability scores are higher for egrets than ibis. For many of the reporting areas the 
median habitat suitability for both ibis and egrets is zero under both the baseline and 2800 scenarios.
Table 3.15 Median annual habitat suitability scores for egrets and ibis from the 114-year sequences for eight Lowbidgee DSS 
reporting areas under the without-development, baseline and 2800 scenarios. The percentage of the without-development 
score is shown in brackets for the baseline and 2800 scenarios
Reporting area Egret Ibis
Number Name Without development Baseline 2800
Without 
development Baseline 2800
2 River Narockwell 0.04 0 0 0.04 0 0
4 Top Narockwell 0.28 0 0 0.22 0 0
5 Tarwille 0.51 0.03 (6%) 0.33 (65%) 0.25 0.15 (60%) 0.24 (96%)
10 Piggery Lakes 0.50 0.17 (34%) 0.47 (94%) 0.24 0.20 (83%) 0.31 (129%)
14 Breer Swamp 0.55 0.05 (9%) 0.48 (87%) 0.27 0.13 (48%) 0.30 (111%)
15 Shaws Swamp 0.34 0 0 0.23 0 0.03 (13%)
21 River Smyths 0.22 0 0 0.16 0 0.05 (31%)
28 Tala Swamp 0.17 0 0 0.07 0 0.01 (14%)
The distribution of habitat suitability scores under the without-development scenario for the eight reporting areas plus the 
summed score across the eight reporting areas are shown for egrets (Figure 3.12a) and ibis (Figure 3.12b). For both 
groups there is a high frequency of very low habitat suitability scores, which would correspond to years in which flows in 
the Murrumbidgee River were low under the without-development scenario. In the other years it is assumed that there is 
a threshold habitat suitability score above which there is a high probability of a successful breeding event occurring. 
There is no way of knowing exactly what this threshold value should be, so it is assumed that it can be distinguished 
based on the frequency distribution pattern, with a jump in the frequency corresponding to the threshold. For egrets, for 
most sites there is an increase in the frequency of habitat suitability around a score of 0.55. For the summed habitat 
suitability score, this increase occurs around 2.5. For ibis, the increase is less obvious, but a value of 0.25 was chosen.
For the summed habitat suitability score, this increase occurs around 1.6. Using these threshold values, it was calculated 
for each year and for each species under each scenario whether a breeding event may have occurred (threshold 
exceeded) or not.
Table 3.16 shows the percentage of years in the 114-year time sequence that may have had a breeding event based 
on the thresholds just described. Using the summed score, under the without-development scenario, egrets and ibis 
may have a significant breeding event approximately 1 year in 2. Under the baseline scenario, this is approximately 
every 1 year in 5. Under the 2800 scenario, this is approximately 1 year in 3 to 4. In other words, considering the 
summed score, the number of possible breeding years under the 2800 scenario is around 60% of that under the 
without-development scenario, an improvement from the 45% under the baseline scenario. Figure 3.13 shows the 
temporal variability in the breeding frequency over the time series, based on a 20-year moving average, which is 
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approximately the longest lifespan of an eastern great egret. Under the without-development scenario, during some 
periods breeding of both groups occurs almost 4 years in 5 and rarely drops below 1 year in 2. It is possible this rate 
would maintain a local population. Under the baseline scenario, breeding peaks at about 1 year in 2, but over some 
20-year periods drops to 1 year in 10, a rate which would clearly lead to local extinction of any local population.
Improvements due to the 2800 scenario are evident at certain times during the time series, but there are periods when 
20-year average breeding frequencies are similar under the baseline and 2800 scenarios. There are also periods where 
the 20-year average breeding frequencies are similar between all scenarios. This has implications for interpretation of the 
effectiveness of any diversion amount during future monitoring, because it is context-dependent: effects of the diversion 
amount will be more or less obvious depending on the underlying climatic conditions. Despite an increase under the 
2800 scenario, the rate of breeding is still well below that required to maintain a local population.
Another effect under the 2800 scenario is the reduction in variability of breeding frequencies relative to the baseline
scenario. Under the without-development scenario, the coefficient of variation of the 20-year moving averages (ignoring 
the temporal correlation) is 0.13 for egrets and 0.20 for ibis, relative to the baseline scenario (0.39 for egrets and 0.30 for 
ibis) and the 2800 scenario (0.23 for both egrets and ibis). 
Table 3.16 Percentage of years in which the modelled habitat suitability score threshold is exceeded for egrets and ibis at
eight Lowbidgee DSS reporting areas, and summed across the eight reporting areas (summed score), under the without-
development, baseline and 2800 scenarios
Reporting area Egret Ibis
Number Name Without development Baseline 2800
Without 
development Baseline 2800
% years in which score threshold is exceeded
2 River Narockwell 21% 4% 4% 28% 12% 11%
4 Top Narockwell 31% 6% 9% 46% 19% 29%
5 Tarwille 45% 20% 25% 49% 40% 48%
10 Piggery Lakes 46% 28% 39% 48% 42% 64%
14 Breer Swamp 51% 21% 39% 53% 42% 61%
15 Shaws Swamp 29% 4% 6% 46% 21% 31%
21 River Smyths 32% 6% 10% 42% 16% 32%
28 Tala Swamp 25% 14% 13% 29% 16% 24%
- Summed score 58% 21% 32% 51% 26% 34%
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(a) Egrets
(b) Ibis
Figure 3.12 Frequency distribution of habitat suitability scores (0 to 1) for (a) egrets and (b) ibis for eight Lowbidgee DSS 
reporting areas, and summed across the eight reporting areas (summed score), under the without-development scenario
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(a) Egrets
(b) Ibis
Figure 3.13 Proportion of years with possible breeding events at the Lower Murrumbidgee Wetlands in the preceding 20 years 
for (a) egrets and (b) ibis, under the without-development, baseline and 2800 scenarios, based on the habitat suitability 
thresholds for breeding based on the summed score of the eight Lowbidgee DSS reporting areas
Environmental water requirement for Lower Murrumbidgee Wetlands
Two environmental water requirements were considered for the Lowbidgee: a total inflow volume of 1700 GL between 
the months of July and November, and a total inflow volume of 2700 GL between the months of May and February. 
Under the 1700 GL environmental water requirement, possible breeding occurs in 56% of years under the 
without-development scenario, 18% of years under the baseline scenario, and 30% of years under the 2800 scenario 
(Table 3.17). These figures are similar to those obtained for egrets with the Lowbidgee DSS. Under the 2800 scenario, 
the high-uncertainty threshold for the 1700 GL environmental water requirement has been set at 20% of years. While this 
requirement is met under the 2800 scenario, it is unlikely that this is a sufficient rate to maintain a local population, as
breeding is required annually to sustain populations (Figure 3.11).
Under the 2700 GL environmental water requirement, possible breeding occurs in 44% of years under the 
without-development scenario, 9% of years under the baseline scenario, and 17% of years under the 2800 scenario
(Table 3.17). 
One interpretation is that the 1700 GL environmental water requirement captures breeding in the Lower Murrumbidgee,
while the 2700 GL environmental water requirement may reflect breeding on the broader Lowbidgee floodplain and is 
more representative of larger breeding events. The temporal variability under these two environmental water 
requirements is shown in Figure 3.14. While there are some differences in the actual patterns over time compared with 
the Lowbidgee DSS results, the variability in the breeding frequencies is similar under the 1700 GL environmental water 
requirement to those in the Lowbidgee DSS. Also consistent with the DSS, there are periods where the 20-year average 
breeding frequencies are similar between scenarios, particularly under the baseline and 2800 scenarios in the case of 
the environmental water requirements.
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(a) 1700 GL between the months of July and November environmental water requirement
(b) 2700 GL between the months of May and February environmental water requirement
Figure 3.14 For environmental water requirements of total inflow of (a) 1700 GL between the months of July and November and 
(b) 2700 GL between the months of May and February, the proportion of years with possible breeding events at the Lower 
Murrumbidgee Wetlands in the preceding 20 years under the without-development, baseline and 2800 scenarios
3.7.4 Waterbird breeding at Narran Lakes
The Narran Lakes IBIS DSS (Fu et al., 2011a) estimates the number of fledglings produced from a breeding event. 
Events are summarised into either any event where fledglings could have been produced, or large events where there is
a possibility of producing at least 50,000 fledglings. The model is driven by local rainfall and temperature as well as river 
hydrology, and due to availability of local climate records the model can only be run for a 40-year period. 
Large events only occur in 18% of years under the without-development scenario and there is little improvement in the 
percentage of years with large events under the 2800 scenario (10% of years versus 8% under the baseline scenario). 
However, there is a significant improvement in the percentage of years under which any event would occur, with values 
of 48% under the without-development scenario, 20% under the baseline scenario, and 43% under the 2800 scenario.
Environmental water requirement for Narran Lakes
The environmental water requirement for Narran Lakes is a total inflow of 100 GL. This is achieved in a much higher 
percentage of years compared with the requirement for producing fledglings in the Narran Lakes IBIS DSS – 70% 
under the without-development scenario, 33% under the baseline scenario and 48% under the 2800 scenario. The 
environmental water requirement may overestimate the frequency of breeding under the without-development scenario 
because it does not include effects of local rainfall and temperature, critical elements of the DSS. The Narran Lakes 
environmental water requirement suggests an intermediate outcome under the 2800 scenario compared with the results 
from the DSS. Breeding frequency increases from 47% of without-development levels under the baseline scenario to 
68% under the 2800 scenario. By way of contrast, in the DSS there is an increase for ‘any breeding event’ from 42% of 
without-development levels under the baseline scenario to 90% under the 2800 scenario. In the DSS there is an
increase for large breeding events from 44% of without-development levels under the baseline scenario to 55% under 
the 2800 scenario. The moving average for the frequency of breeding under the environmental water requirement 
fluctuates between about 60% and 80% of years (without development), but is more variable under the baseline and 
2800 scenarios, dropping below 20% of years at one point in the time series under the baseline scenario (Figure 3.15).
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Figure 3.15 For an environmental water requirement of total inflow of 100 GL, the proportion of years with possible breeding 
events at the Narran Lakes in the preceding 20 years under the without-development, baseline and 2800 scenarios
3.7.5 Waterbird breeding at the Gwydir Wetlands
The Gwydir Wetlands IBIS DSS (Fu et al., 2011b) assigns poor, moderate and good scores to various hydrologic
attributes (e.g. depth, duration, rate of fall) associated with waterbird breeding for multiple species including 
straw-necked ibis, glossy ibis, nankeen night heron, royal spoonbill and intermediate egret. Four reporting areas
(numbers 12, 14, 15 and 18) in the Gwydir IBIS DSS are relevant for all these species. Relative condition scores are 
derived for each breeding event by averaging all scores for each attribute, with ‘poor’ given a relative score of 0.33, 
‘moderate’ a relative score of 0.667 and ‘good’ a relative score of 1.0. Multiple events may happen in any given year, so 
the maximum value for any given year was used.
Environmental water requirement for the Gwydir Wetlands
The frequency distribution of scores for nankeen night heron and straw-necked ibis are shown in Figure 3.16. Scores are
generally high, and there are no obvious differences between scenarios. The frequency distribution of scores provides no 
insight into where a threshold would be drawn to assign a year to a binary response of breeding or no breeding (cf. the 
Lowbidgee DSS), so a value of 2.68 was selected, which corresponds to an overall moderate score for each of the four
reporting areas (i.e. 4 x 0.67). Only straw-necked ibis were considered for this analysis.
The response to the different scenarios is not consistent throughout the time series (Figure 3.17). Breeding frequencies 
are lower under the without-development scenario relative to the baseline and 2800 scenarios from 1970 to 1990. This is 
consistent with the assessment of the without-development scenario in MDBA (2012) where breeding occurs less 
frequently than the target for three out of seven targets.
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(a) Nankeen night heron
(b) Straw-necked ibis
Figure 3.16 Frequency distribution of breeding suitability scores for (a) nankeen night heron and (b) straw-necked ibis at the 
Gwydir Wetlands under the without-development, baseline and 2800 scenarios, based on the summed score of the four 
Gwydir Wetlands IBIS DSS reporting areas
Figure 3.17 Proportion of years with possible breeding events at the Gwydir Wetlands in the preceding 20 years for 
straw-necked ibis under the without-development, baseline and 2800 scenarios, based on the summed score of the four 
Gwydir Wetlands IBIS DSS reporting areas
3.7.6 Waterbird breeding at the Barmah–Millewa Forest
The MFAT (Young et al., 2003) models habitat suitability for colonial nesting waterbirds based on breeding suitability 
and foraging suitability. These scores can be combined to produce overall habitat suitability for waterbirds. Under the 
without-development scenario, a high proportion of years had a high total habitat suitability score, relative to the 
baseline scenario, where there was a high proportion of low habitat suitability scores (Figure 3.18). Under the 2800 
scenario, the distribution of habitat suitability scores flattens out (Figure 3.18). As for the Lower Murrumbidgee River 
Floodplain, there is no way of knowing what threshold score relates to a high probability of a breeding event, nor what 
size breeding events these scores relate to. 
Results are presented for two thresholds, one at a total habitat suitability score of 0.5 and one at 0.65. The total habitat 
suitability score was used, based on the assumption that successful breeding requires good conditions for both breeding 
habitat and foraging habitat. Under the 0.5 threshold, possible breeding occurs in 68% of years under the without-
development scenario compared with 27% (under the baseline scenario) and 42% (under the 2800 scenario). Under the 
0.65 threshold, there is no improvement under the 2800 scenario, with possible breeding occurring in 54% of years under 
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the without-development scenario compared with 21% under the baseline scenario and 22% under the 2800 scenario,
Table 3.17). These differences may reflect the difference in frequency between large breeding events (0.65 threshold) 
and smaller events (0.5 threshold). Leslie (2001) estimated that under natural conditions breeding occurred at Barmah–
Millewa Forest in approximately 80% of years, with excellent breeding in 20% of years. Hence, the 0.5 threshold result 
under the without-development scenario is approximately the same as the results from Leslie’s work. The 0.65 threshold 
result suggests that ‘large’ events occur more frequently than Leslie’s ‘excellent’ conditions for breeding. Given the lack 
of improvement in possible breeding under the 2800 scenario for the 0.65 threshold, it is likely that Leslie’s approach 
would also suggest no improvement in excellent conditions under the 2800 scenario. The moving averages of 20-year 
breeding frequencies are less variable than those in the Lower Murrumbidgee Wetlands and the relative differences 
between the scenarios remain more consistent throughout the time series for Barmah–Millewa Forest (Figure 3.19). 
(a) Total
(b) Breeding
(c) Foraging
Figure 3.18 Frequency distribution of (a) total, (b) breeding and (c) foraging habitat suitability scores for colonial nesting 
waterbirds at Barmah–Millewa Forest under the without-development, baseline and 2800 scenarios, based on MFAT scores
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(a) 0.5 cut-off value
(b) 0.65 cut-off value
Figure 3.19 Proportion of years with possible breeding events at Barmah–Millewa Forest in the preceding 20 years under the 
without-development, baseline and 2800 scenarios, based on threshold MFAT scores of (a) 0.5 and (b) 0.65
Environmental water requirement for Barmah–Millewa Forest
The Barmah–Millewa Forest environmental water requirement was based on work presented by Reid et al. (2009). That 
work was designed to identify thresholds for the induction of attempted breeding by colonial nesting waterbirds. Under
the 2800 scenario, the threshold was extended to allow for waterbirds to successfully fledge young, and was expressed 
as a flow of 15,000 ML/day for 5 months between the months of July and December. The threshold does not relate to a 
particular size of breeding event, and may represent relatively small breeding events at Barmah–Millewa Forest. Under 
the baseline scenario, the moving 20-year average breeding frequency is almost always below 20% and on one occasion 
in the 114-year time series no potential breeding occurs in a 20-year period (Figure 3.20). The frequency under the 
baseline scenario is clearly far below that required to maintain a local population. Based on this environmental water 
requirement, the breeding frequency and its pattern over time under the 2800 scenario is returned to close to that under
the without-development scenario (Figure 3.20), contrasting with the result obtained with the MFAT. The moving average 
of the environmental water requirement showed very low variability under all scenarios, contrasting with other systems 
considered above. 
Figure 3.20 For an environmental water requirement of 15,000 ML/day for 5 months between July and December, the 
proportion of years with possible breeding events at Barmah–Millewa Forest in the preceding 20 years under the 
without-development, baseline and 2800 scenarios
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3.7.7 Waterbird breeding at the Gunbower–Koondrook–Perricoota Forest
The total habitat suitability score at Gunbower–Koondrook–Perricoota Forest has a peak around 0.4 and another around 
0.8 under the without-development scenario (Figure 3.21). Under the baseline scenario, there is a large increase in the 
frequency of scores around zero and a large reduction in the frequency of scores around 0.8. Relative to the baseline
scenario, the number of scores around zero decrease and the number of scores around 0.4 and 0.8 increase under the 
2800 scenario (Figure 3.21). There are not many years with high scores for foraging under the baseline or the 2800 
scenarios.
As for the other systems, there is no way of knowing what threshold score relates to a high probability of a breeding 
event, nor what size breeding events these scores relate to. Again, the total habitat suitability score was used, based on 
the assumption that successful breeding requires good conditions for both breeding habitat and foraging habitat. It was 
assumed that total scores around 0.8 correspond to large breeding events and hence the threshold for large breeding 
events was chosen to be 0.65. Total scores around 0.4 were assumed to correspond to small breeding events and hence 
the threshold for any breeding event was chosen to be 0.3. Under the 0.3 threshold, possible breeding occurs in 84% of 
years under the without-development scenario compared with 45% under the baseline scenario and 62% under the 2800 
scenario (Table 3.17). Under the 0.65 threshold, possible breeding occurs in 41% of years under the without-
development scenario compared with 6% under the baseline scenario and 14% under the 2800 scenario (Table 3.17).
Hence, under the 2800 scenario, possible breeding events are returned to 74% of that under the without-development 
scenario, but large events are only returned to 34% of that under the without-development scenario. The moving average 
of 20-year breeding frequencies indicates similar levels of variability to Barmah–Millewa Forest, which reflects the strong 
hydrologic link between these two wetland systems on the River Murray (Figure 3.22).
Environmental water requirement for Gunbower–Koondrook–Perricoota Forest
The Gunbower–Koondrook–Perricoota Forest environmental water requirement for waterbird breeding is 20,000 ML/day 
for 5 months from June-December and hence has been expressed in a similar way to the Barmah–Millewa Forest 
environmental water requirement. 
The 20-year moving average for the environmental water requirement for possible waterbird breeding in
Gunbower–Koondrook–Perricoota Forest is shown in Figure 3.23. The frequency of breeding is very low under 
the baseline scenario, similar to the result for Barmah–Millewa Forest, but an intermediate improvement in the 
frequency of possible breeding events is produced under the 2800 scenario. Under the without-development 
scenario, the frequency fluctuates around 0.4, similar to the 0.65 threshold result from the MFAT, so based on that 
threshold the estimated improvement under the 2800 scenario contrasts significantly with the result from the MFAT which 
suggested no improvement. The result is more qualitatively similar to the result from the 0.3 threshold in the MFAT, but 
the high-uncertainty threshold for the environmental water requirement of 30% of years is not achieved. It is likely that 
the 2800 scenario has not improved the ability of the Gunbower–Koondrook–Perricoota Forest to maintain its own local 
populations. The contrast in the results for Barmah–Millewa Forest and Gunbower–Koondrook–Perricoota Forest 
probably reflect the lack of influence of the 2800 scenario on Lower Goulburn flows (see Section 3.7.8). Flows in the 
Lower Goulburn would affect flooding at Gunbower–Koondrook–Perricoota Forest. Consistent with some other sites, 
there is temporal variability in the result for Gunbower–Koondrook–Perricoota Forest, with the moving average under the 
2800 scenario shifting between the results under the without-development and baseline scenarios, depending on the 
position in the time series. For example, around 1960 the possible breeding frequency in the preceding 20 years is 
similar under the without-development and 2800 scenarios, while at the start of the time series and in the early to 
mid-1990s the frequencies under the baseline and 2800 scenarios are similar (Figure 3.23). This is not evident in the 
MFAT analysis.
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(a) Total
(b) Breeding
(c) Foraging
Figure 3.21 Frequency distribution of (a) total, (b) breeding and (c) foraging habitat suitability scores for colonial nesting 
waterbirds at Gunbower–Koondrook–Perricoota Forest under the without-development, baseline and 2800 scenarios, based 
on MFAT scores
(a) 0.3 cut-off value
(b) 0.65 cut-off value
Figure 3.22 Proportion of years with possible breeding events at Gunbower–Koondrook–Perricoota Forest in the preceding 
20 years under the without-development, baseline and 2800 scenarios, based on threshold MFAT scores of (a) 0.5 and (b) 0.65
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Figure 3.23 For an environmental water requirement of 20,000 ML/day for 5 months from June-December, the proportion of 
years with possible breeding events at Gunbower–Koondrook–Perricoota Forest in the preceding 20 years under the without-
development, baseline and 2800 scenarios
3.7.8 Waterbird breeding at other southern Basin locations
Environmental water requirement for Edward–Wakool River System and Lower Goulburn 
River Floodplain
The 20-year moving averages for environmental water requirements for possible waterbird breeding in the Edward–
Wakool River System and Lower Goulburn River Floodplain are shown in Figure 3.24. These sites may help maintain 
significant local populations of waterbirds. The Edward–Wakool River System shows a similar pattern to the Barmah–
Millewa Forest environmental water requirement, with the frequency under the 2800 scenario having a similar pattern as 
that under the without-development scenario. In contrast, there is no effect on the frequency of possible breeding at the 
Lower Goulburn River Floodplain under the 2800 scenario (Figure 3.24 and Table 3.17; note that this target has changed 
since this analysis was finalised).The 20-year moving average for breeding at the Lower Goulburn River Floodplain
under the without-development scenario is variable, ranging from around 20% of years up to 60% of years. 
(a) Edward-Wakool River System – environmental water requirement of 5000 ML/day for 120 days in total
(b) Lower Goulburn River Floodplain – environmental water requirement of 30,000 ML/day for 30 days in total from June to November
Figure 3.24 For environmental water requirements of (a) 5000 ML/day for 120 days in total for the Edward–Wakool River 
System, and (b) 30,000 ML/day for 30 days in total from June to November in the Lower Goulburn River Floodplain (note that
this target has changed since this analysis was finalised), the proportion of years with possible breeding events in the 
preceding 20 years under the without-development, baseline and 2800 scenarios
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3.7.9 Waterbird breeding at a mid-Basin location
Environmental water requirement for Lachlan Swamp
The Booligal Wetlands and Lachlan Swamp are located in the mid-Basin and probably receive significant flow events 
from both northern and southern weather systems. The environmental water requirement for waterbird breeding at these 
sites was set at a minimum flow of 2500 ML/day for a minimum of 50 days. There are small differences in the frequency 
of possible breeding events between all the scenarios for this environmental water requirement, with the long-term 
average frequency being restored under the 2800 scenario to that under the without-development scenario (Figure 3.25). 
There is some temporal variability in the result with, for example, differences between the scenarios in the 1930s but no 
differences in the 1950s (Figure 3.25). 
Figure 3.25 For an environmental water requirement of 2500 ML/day for a minimum of 50 days, the proportion of years with 
possible breeding events in the Lachlan system in the preceding 20 years under the without-development, baseline and 
2800 scenarios
3.7.10 Waterbird breeding at the Macquarie Marshes
Environmental water requirement for Macquarie Marshes
Three different environmental water requirements for possible waterbird breeding have been defined for the Macquarie 
Marshes, which probably correspond to small, medium and large breeding events. These are total inflows of 250 GL over 
5 months, 400 GL over 7 months or 700 GL over 8 months respectively. 
The frequency of events under the 700 GL environmental water requirement are the same under all scenarios (Table 
3.17), suggesting this occurs outside the regulatory capacity of the system. For both the 250 GL and 400 GL 
environmental water requirements, there are significant improvements in the frequency of possible breeding events 
under the 2800 scenario relative to the baseline scenario (Table 3.17). However, there are significant temporal variability 
in the results. For the 250 GL environmental water requirement, the 20-year moving average of the breeding frequency 
under the 2800 scenario is in between the average under the without-development and baseline scenarios for the first 
part of the time series, but equal to that under the without-development scenario for the latter part of the time series 
(Figure 3.26a). This result suggests a step change in the hydrology of the system, with more water available in the 
second half of the time series. It is not clear why this occurs, but if the second half more closely reflects how the system 
is now behaving, then the results suggest that breeding associated with the 250 GL environmental water requirement 
could be restored under the 2800 scenario. The rate approaches that required to maintain a small local population. For 
the 400 GL environmental water requirement, the 20-year moving average of the breeding frequency fluctuates, with no 
difference between the average under the baseline and 2800 scenarios at some times (e.g. around 1930) and no 
difference between the average under the without-development and 2800 scenarios at other times (e.g. around 1970)
(Figure 3.26b).
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(a) 250 GL over 5 months environmental water requirement
(b) 400 GL over 7 months environmental water requirement
(c) 700 GL over 8 months environmental water requirement
Figure 3.26 For environmental water requirements of (a) 250 GL over 5 months, (b) 400 GL over 7 months, (c) 700 GL over 
8 months, the proportion of years with possible breeding events in the Macquarie Marshes in the preceding 20 years under the 
without-development, baseline and 2800 scenarios
3.7.11 Waterbird breeding across the Murray–Darling Basin: results and conclusions
Table 3.17 summarises the results for all sites considered across the Basin. The results vary from system to system and 
between environmental water requirements and other modelling approaches. The variation partly reflects the uncertainty 
about how flow thresholds lead to successful breeding events at the different sites, but also to real constraints in the 
different systems. For example, the lack of response in the lower Goulburn reflects constraints on achieving appropriate 
conditions in that system under the 2800 scenario. There is also considerable uncertainty about the size of events 
associated with other, site-specific, hydrologic characteristics such as depth, duration, seasonality and rates of rise and 
fall, and future research will need to focus on developing a much better understanding of how breeding responses relate 
to these hydrologic drivers. Despite the uncertainty with current models, some general patterns do emerge. Although it is 
not known how the results from the environmental water requirements or the DSSs (including the Murray Flow Analysis 
Tool) directly relate to the size of breeding events (the Narran DSS is the exception), broad characterisations of these 
relationships suggest that the 2800 scenario will have limited effect on the frequency of large events relative to the 
baseline scenario, but in some cases can significantly increase the frequency of smaller events. This increase in small 
events will increase the possibility of maintaining small local populations, but maintenance of a larger population will 
require breeding over a broader spatial area.
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Table 3.17 Percentage of years with possible breeding based on different modelling approaches (in most cases the
total number of years considered was 114) for hydrologic indicator sites for key environmental assets under the 
without-development, baseline and 2800 scenarios. Note that the waterbird target for the Lower Goulburn River 
has changed since this analysis was finalised
Hydrologic 
indicator site for 
key environmental 
assets
Model and target
Percentage of years with possible 
breeding
Without 
development Baseline 2800
Barmah–Millewa
Forest
Environmental water requirement† – 15,000 ML/day for 5 months from June 
to December
44% 11% 38%
MFAT – 0.5 threshold on habitat suitability 68% 27% 42%
MFAT – 0.65 threshold on habitat suitability 54% 21% 22%
Edward–Wakool
River System
Environmental water requirement† – 5000 ML/day for 120 days in total 52% 22% 36%
Gunbower–
Koondrook–
Perricoota Forest
Environmental water requirement† – 20,000 ML/day for 5 months from June 
to December
43% 7% 18%
MFAT – 0.3 threshold on habitat suitability 84% 45% 62%
MFAT – 0.65 threshold on habitat suitability 41% 6% 14%
Gwydir Wetlands Gwydir DSS 29% 23% 23%
Booligal Wetlands 
and Lachlan 
Swamp
Environmental water requirement† – 2500 ML/day for 50 days 23% 18% 21%
Lower Goulburn Environmental water requirement† – 30,000 ML/day for 30 days in total from June to November
34% 9% 9%
Lower 
Murrumbidgee 
River Floodplain
Environmental water requirement† – total inflow volume of 1700 GL between 
the months of July and November
56% 18% 30%
Environmental water requirement† – total inflow volume of 2700 GL between 
the months of May and February
44% 9% 17%
Yanga DSS – Egrets – threshold on habitat suitability 2.5 58% 21% 32%
Yanga DSS – Ibis – threshold on habitat suitability 1.6 51% 26% 34%
Macquarie Marshes
Environmental water requirement† – 250 GL over 5 months 66% 35% 56%
Environmental water requirement† – 400 GL over 7 months 39% 27% 36%
Environmental water requirement† – 700 GL over 8 months 18% 17% 18%
Narran Lakes
Environmental water requirement† – 100 GL total inflow 70% 33% 48%
Environmental water requirement† – 100 GL total inflow (40 years) * 70% 40% 53%
Narran DSS (40 years)* – Any breeding success 48% 20% 43%
Narran DSS (40 years)* – Large-scale breeding success 18% 8% 10%
*Note the Narran DSS is only based on a 44-year time series from 1964 to 2008. The environmental water requirement result is presented 
for the same period.
† Environmental water requirement as stated in MDBA (2010, 2011a, 2012).
It is currently unclear whether different colonial nesting waterbird species function as Australia-wide populations, or 
whether there are subpopulations confined to different regions that function largely independently of each other. To 
consider whether sufficient breeding rates were likely to be achieved in the Basin, moving averages were calculated for 
the number of sites where breeding may have occurred over the preceding ten years. Based on the modelling of Arthur 
(2011), the expectation is for an average of one site with breeding per year being able to sustain a population. Within the 
southern Basin, three possible breeding sites were considered in our analysis – the River Murray Wetlands (either 
Barmah–Millewa or Gunbower–Koondrook–Perricoota forests), the Lowbidgee and the Lachlan wetlands (Booligal 
Wetlands and Lachlan Swamp); within the northern Basin, the three possible breeding sites considered were Narran 
Lakes, the Macquarie Marshes and the Lachlan wetlands. The Lachlan was included in both the north and south 
because of its potential to be influenced by both northern and southern weather systems, but it was only included once 
when estimating rates for the entire Basin. The Gwydir Wetlands were not included because of the potential problem with 
the hydrologic modelling for that system. To calculate the averages for any possible breeding event, capturing all the
small events, the lowest environmental water requirement for a site was used. For large events, either the MFAT (for 
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Barmah–Millewa and Gunbower–Koondrook–Perricoota forests) and the Narran DSS) or a large environmental water 
requirement (Lowbidgee 2700 GL and the Macquarie Marshes 400 GL) was used. It was assumed that the 
environmental water requirement for the Lachlan system captured large events. The averages for large breeding events 
in the southern Basin were calculated for the 114-year sequence, but for the northern Basin these were calculated only 
for a 40-year sequence because the Narran DSS was required to estimate large events.
The number of sites per year with large events (and any event) in the southern Basin generally remains above one under 
the without-development scenario (mean = 1.23), suggesting southern Basin populations could be maintained under 
these conditions (Figure 3.27a). The ability to achieve this rate of breeding under the 2800 scenario depends on the size 
of event. For large breeding events, rates are generally well below one site per year under both the baseline (mean = 
0.47) and 2800 scenarios (mean = 0.62; Figure 3.27a). However, the rate of any event (i.e. at least small events) 
increases under the 2800 scenario relative to the baseline scenario, with rates under the 2800 scenario approaching an 
average of about one site per year for large parts of the time series (Figure 3.27b). This suggests the potential for a small 
southern Basin population to be maintained under the 2800 scenario.
In the northern Basin, large breeding events occurred at an average of about one site per year under the 2800 scenario 
(Figure 3.27c) suggesting a northern Basin population could be maintained under these conditions, particularly given the 
Gwydir Wetlands are not a part of this combined analysis. The short time series makes it difficult to interpret the effect of 
the 2800 scenario, with the result varying across the time series, but there is some evidence of an increase in the 
frequency of large events in the northern Basin under the 2800 scenario (Figure 3.27c). The frequency of any size event 
increases under the 2800 scenario relative to the baseline scenario, with the average number of sites having breeding 
equalling that under the without-development scenario at times through the time series (Figure 3.27d). The rate generally 
averages at least one site per year for most of the time series. Across the entire Basin, results for any breeding event 
under the 2800 scenario are intermediate between results under the without-development and baseline scenarios,
indicating a Basin-wide improvement in the average number of sites with at least a small breeding event in any given 
year (Figure 3.27e). This should at least increase the chance of sustaining small populations of colonial nesting 
waterbirds across the Basin.
Another pattern that appeared for both individual sites and across the Basin was the variability in the outcome under the 
2800 scenario. Throughout the 2800 scenario time series, the frequency of breeding events (or the number of sites with 
breeding events) fluctuated between the without-development level and the baseline level. This emphasises the 
important point that the outcomes are likely to be context dependent, probably driven by climate variability across the 
Basin. However, it is not clear how the result varies with this underlying variability. In both the northern (Figure 3.27d) 
and southern (Figure 3.27b) Basin, the average number of sites with any breeding reached its lowest level at the end of 
the time series, i.e. during the millennium drought. Considered across the entire Basin (Figure 3.27e), by the end of the 
time series the average was down to one site per year. It rarely fell below two sites per year in the rest of the time series, 
even in the World War II drought. Under these extreme conditions the 2800 scenario appears to maintain a level of small 
breeding events close to that under the without-development scenario, but it had a much small relative impact under the
World War II drought. This variation will need to be considered explicitly in developing future plans for environmental 
water management in the Basin. 
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(a) Southern Basin (River Murray Wetlands (either Barmah–Millewa Forest or Gunbower–Koondrook–Perricoota Forest), the Lower 
Murrumbidgee River Floodplain and the Lachlan wetlands (Booligal Wetlands and Lachlan Swamp) – large event
(b) Southern Basin – any event
(c) Northern Basin (Narran Lakes and Macquarie Marshes) – large event
(d) Northern Basin – any event
(e) Entire Basin (all five sites) – any event
Figure 3.27 Number of sites per year with possible breeding events in the Murray–Darling Basin in the preceding 10 years in 
the (a & b) southern and (c & d) northern Basin, and (e) the entire Basin, under the without-development, baseline and 2800
scenarios
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3.8 The Coorong
3.8.1 Background
The Coorong, Lower Lakes, and Murray Mouth is a hydrologic indicator site used to define the environmentally 
sustainable level of take in the proposed Basin Plan (MDBA, 2011b). It is the only estuarine system in the Basin and 
hence needs to be evaluated differently from other ecosystems. Environmental water requirements for the Coorong, 
Lower Lakes, and Murray Mouth were recently revised by the MDBA (MDBA, 2012), relative to what was published in the 
Guide to the proposed Basin Plan (MDBA, 2010a). The targets focus on salinity in the North lagoon (4 targets), the South 
lagoon (3 targets), and on flows over the barrages (2 targets). Salinity targets represent critical thresholds for Ruppia, a 
vegetation species of significance in the Coorong, being regarded as a keystone species which underpins the ecology of 
the system (MDBA, 2011a). 
Relative to the baseline scenario, salinity levels in the north and south lagoons are improved (i.e. reduced) under the BP-
2800 scenario. Targets are achieved in the South lagoon, but not in the North lagoon. In drought periods, the maximum 
salinity threshold of 50 g/L in the North lagoon is exceeded by 75 days in the 114 modelled years (MDBA, 2012), 
average salinity is 1 g/L above the 20 g/L target and maximum salinity is 56 g/L when the target is 50 g/L, given as the 
tolerance level for Ruppia megacarpa (MDBA, 2012). According to the MDBA ‘inherent uncertainty in the modelling and 
the uncertainty around the salinity thresholds of Ruppia megacarpa, on which the North Coorong targets are based, the 
implications for the long-term health of the site from these exceedances in 2 years out of the 114-year modelling period 
in the BP-2800 scenario are not considered significant’. However, it is worth noting that Brock (1982) found an upper 
salinity threshold of 46 g/L for Ruppia megacarpa, with seed germination being reduced by about 93% at a salinity of 
19 g/L, and no germination occurring at a salinity of 42 g/L. Using Brock’s thresholds, there would be few periods in the 
North lagoon salinity timeseries (MDBA, 2011; Figure 8.7; p. 98) where seed germination is not limited by salinity.
The Murray Mouth requires about 2000 GL/year across the barrages to remain open (Webster et al., 2009). The MDBA 
report on the environmentally sustainable level of take (MDBA, 2011a) states that this target is met under the BP-2800 
scenario in 89% of years. In the report on hydrologic modelling (MDBA, 2012), rolling averages of 1000 GL/year and 
3000 GL/year targets are specified, and these are met under the BP-2800 scenario in 99% and 98% of years 
respectively.
3.8.2 Ecological response modelling
Hydrodynamic model
Model description
The base hydrodynamic model simulates water motions and water levels along the Coorong from the Murray Mouth to 
the southern end of the South Lagoon as these respond to driving forces associated with water-level variations in 
Encounter Bay, the wind blowing over the surface, barrage inflows, flows in Salt Creek (via the Upper South East 
Drainage Scheme) and evaporation from the water surface (Webster, 2007; 2010). The model domain extends from the 
Mouth to the southern end of the South Lagoon (~5 km past Salt Creek) and is divided into 102 cells each 1 km long in 
which a momentum equation describing conservation of mass is solved. Major channel constructions occur at the Mouth 
and in the channel connecting the two lagoons past Parnka Point (Parnka Channel).
The depth of the Mouth is highly dynamic, increasing during times of significant outflows and tending to infill when flows 
are very small or zero. In the model, the Mouth channel is assigned a width of 100 m and a length of 1500 m which 
approximate the dimensions seen in satellite imagery. Even though the bathymetry of the Mouth channel is highly 
complex, a single bed elevation is assigned as an approximation. Infilling and scouring by barrage flows of the Mouth 
channel are represented as changes in the elevation of the channel bed. Dredging, which has been used to maintain 
Mouth depth in times of low barrage flows, was not included in these simulations.
The channel connecting the two lagoons is highly complicated and convoluted. Rather than attempting to resolve the 
details of channel shape, the model assumes that the section of severe-constriction is 100 m wide and 1000 m long, 
Chapter 3 Ecological benefits ƒ 81
dimensions approximately consistent with satellite images of the region. The optimal elevation of the Parnka Channel 
was determined to be –0.19 mAHD through calibration.
The currents, water levels and mixing regimes simulated by the basic hydrodynamic model were used to drive the 
module representing salinity dynamics. Salinity was modelled in the 14 cells shown in Figure 3.28 which extend across 
groups of cells used in the basic hydrodynamic model. The salinity module solves equations for the conservation of mass 
of salt in each cell and requires the prescription of the salinity of sea water and the inflows from Salt Creek. The salinity 
of the sea in Encounter Bay was set at 36.7 g/L and that of the Salt Creek flows to be 16.1 g/L. The latter is the 
calculated flow-weighted average of salinity in the Salt Creek discharge between 2001 and 2008.
Figure 3.28 Map of the Coorong, Lower Lakes, and Murray Mouth showing boundaries of cells used in the salinity 
module (Webster, 2007; 2010) and the reference sites used in the mudflat model (Pelican Point (cell 3), Long Point (cell 5),
Noonameena (cell 6), Parnka Point (cell 9), Jack Point (cell 12) and Salt Creek(cell 14))
Model application
This hydrodynamic model was run for the three scenarios. The model was used to simulate water levels and salinity 
along both lagoons of the Coorong between 1895 and 2009. A 114-year model run was used as this was the period over 
which meteorological data were available for the region. Modelled daily barrage flows obtained from the MDBA were 
available for the entire simulation period.
The barrage flows were provided as totals across all the barrages for each day. An analysis of the relative flows between 
the main barrages between 1982 and 2007 showed that an average of 58% of the total flow was released through 
Tauwitchere Barrage and 19% through Ewe Island Barrage. These proportions were applied to the whole of barrage flow 
time series to obtain estimated daily flows through Tauwitcherie and Ewe Island barrages. The model did not simulate 
the flow interaction between Lake Alexandrina and the Coorong that would have occurred prior to the construction of the 
barrages. The without-development scenario removed the influence of water resource infrastructure and extractions and 
treated the barrages as if they remained open to allow all flows to pass through the Coorong, but disallowed any flow 
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from the Coorong to the Lakes. For all scenarios, the daily Salt Creek inflow was taken to be the average of measured 
flows on each day of the year between 2001 and 2008.
Ecosystem states model
An ecosystem response model based on ‘ecosystem states’ was used to assess ecological condition in the Coorong. 
Unlike the hydrodynamic model described above, the ecosystem states model is not based on a deterministic 
understanding of how ecosystems behave, that is, it is not based on equations describing the interactions among each 
species, their environment, and their competitors and predators. It is a statistical model, where existing relationships 
between the biota that occur within the system are correlated with the environmental conditions at any one point in time.
The ecosystem states model developed for the Coorong identified eight distinct ecosystem states: (i) estuarine/marine,
(ii) marine, (iii) unhealthy marine, (iv) degraded marine, (v) healthy hypersaline, (vi) average hypersaline, (vii) unhealthy 
hypersaline and (viii) degraded hypersaline.
The environmental parameters that differentiated amongst various states were a combination of water quality, water 
quantity and flow variables. They included the average daily tidal range, maximum number of days since flow had 
crossed the barrages, average water level and salinity at any location, and average depth of water in the previous year.
The appearance of average daily tidal range as the first split variable effectively divided the Coorong into two basins, with 
four possible states within each basin. Additional information on the biota and conditions characterising each of these 
states can be found in Lester and Fairweather (2009a; 2011). The trend of declining biotic richness and the variables for 
which thresholds were significant (e.g. length of time since flow over the barrages) show that the states represent a 
continuum from a healthy ecosystem to a more degraded ecosystem in each basin.
The ecosystem state model uses environmental data as modelled by the hydrodynamic model to predict transitions 
between the states and hence is a state-and-transition model. By happenstance, all of the parameters identified as 
driving the ecosystem states of the Coorong could be calculated from the output of the hydrodynamic model, or from the 
input data used for the hydrodynamic modelling (i.e. flow over the barrages). The hydrodynamic model simulated hourly 
water levels and salinities along the length of the Coorong for each scenario. These data were then used to calculate the 
average annual water levels, depths and salinities as required by the ecosystem state model. By using these parameters 
as input for the ecosystem state model, we were able to predict the mixture of ecosystem states present in the Coorong 
each year for the duration of the model run at each of the 14 salinity cells used by the hydrodynamics model.
Coorong Mudflat model
The Coorong wetlands are an important habitat for foraging of migratory birds, with large numbers feeding in the 
highly-productive estuarine and lagoonal environment. A significant proportion of this foraging occurs on the large 
tracts of mudflat found throughout the Coorong. These areas are inundated periodically depending on water levels, which 
vary cyclically on an hourly, daily, seasonal, annual or decadal basis. The major drivers of this variation in water level are 
the tidal action, extreme tidal events such as king tides, freshwater inputs, evaporation and wind (Benger et al., 2009).
Mudflats are of high ecological value because they support high productivity of flora and fauna, although there is little 
known about mudflat ecological processes (Kirby, 2000; Dyer et al., 2000). They can be valuable as bird foraging areas 
and as nursery and feeding areas for fish (Dyer et al., 2000). Many species of waders, in particular, are dependent on 
coastal intertidal areas where they can feed on macrobenthic invertebrates on exposed mudflats (Piersma et al., 1993).
In the Coorong, the productivity of the mudflats varies along its length, dependent primarily on water quality (particularly 
salinity), nutrient inputs, sedimentary structure, and the duration, frequency and extent of inundation (Rolston and 
Dittmann, 2009; Benger et al., 2009). Resident macroinvertebrate populations and aquatic vegetation such as Ruppia
species are both an indicator of productivity in the mudflats and a source of prey for fish and birds.
The exposure of mudflats as water levels rise and fall has a significant effect on productivity and habitat value (Rolston 
and Dittmann, 2009). The recent drought resulted in reduced freshwater inputs to the Coorong and depleted productivity 
of mudflats. As water levels fell, water quality declined as salinity rose. Mudflat areas which were once subject to the 
more regular wetting and drying cycles necessary to maintain their biological productivity (Boyes and Allen, 2007) were 
exposed for longer periods or dried out permanently, or if they were inundated, particularly in the South Lagoon, salinity 
levels are so high that productivity levels would be similar to those found in salt lakes. Rolston and Dittmann (2009) 
found that infaunal (benthic animals that live in the sea bottom, e.g. clams, tubeworms) numbers declined rapidly when 
mudflats in the Coorong were exposed with lowered water levels.
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Model application
Using the Hydrodynamic model outputs for the Coorong (Webster, 2007), six reference sites along the Coorong (used in
the Coorong, Lower Lakes, and Murray Mouth ecology study by Brookes et al. (2009)) were chosen for analysis (Figure 
3.28). These reference sites are spatially co-located with Hydrodynamic model cell centres and are Pelican Point, Long 
Point, Noonameena, Parnka Point, Jack Point and Salt Creek.
A 30 cm water level range can be used as an indicator of viable mudflat habitat. Within this range, mudflats are subject to 
frequent inundation and a wetting-drying cycle that maintains infauna populations as food for foraging shorebirds.
Permanently inundated areas in the Coorong tend to have fine sediments (Sharma et al., 2009) which are less likely to 
support infauna populations (Rolston and Dittmann, 2009), and may contain sulfidic sediments. Mudflats at higher 
elevations are inundated less frequently and are unlikely to support infauna populations. If water levels were maintained 
at high or low levels for lengthy periods of time it would permit infauna colonisation of those areas excluded from this 
analysis, and they would most likely transition to viable foraging habitat for shorebirds. To assess the relationship 
between water levels under each of the scenarios at each reference site, scenarios were analysed to generate temporal 
frequency histograms. The number of days that water levels were within respective 10 cm increments was calculated 
and used to provide spatial estimates of habitat availability.
To provide an indication of the rate of change in habitat (mudflat) availability as water levels in the Coorong increase or 
decrease, hypsometric curves were generated for the reference sites, as described in Benger et al. (2009). Curves were 
calculated as the cumulative area of shoreline available at ascending elevations. This method has been widely used in 
geomorphological analysis of coasts (Kirby, 2000), providing an indication of the nature of the surface and whether it is 
subject to sedimentary accretion or erosion (Carter, 1988). This indicates the elevation ranges at which the greatest 
gains in mudflat area occur. In addition to maintaining suitable water levels to support mudflat productivity, water must be 
of a suitable quality to support infaunal communities. In the Coorong, the main water quality parameter affecting 
distribution, diversity and abundance of species in mudflat environments is salinity. Rolsten and Dittmann (2009) found 
that salinities below 40 ppt were required to support all taxa, apart from insect larvae. Using scenario outputs from the 
Hydrodynamic model, a salinity assessment is made at reference sites in the Coorong, and combined with spatial 
availability outcomes to produce hectares of inundation below the salinity threshold.
3.8.3 Results of flow scenarios
There is little impact on the annual range in water level (Figure 3.29a) or the depth of the water (Figure 3.29c) in the 
Coorong under the without-development, baseline and 2800 scenarios. However, there is an effect on both the water 
maximum salinity (Figure 3.29c) and average water levels (Figure 3.29d) simulated. Median maximum salinity is the 
lowest under the without-development scenario, at 28.1 g/L, compared to 48.9 g/L under the baseline scenario and 
36.5 g/L under the 2800 scenario. Of the three scenarios, the greatest variability in maximum salinities is found under 
the baseline scenario (289.3 g/L) compared to under the without-development and 2800 scenarios, at 259.9 g/L and
116.5 g/L, respectively. Water levels are less variable under the without-development and 2800 scenarios relative to the 
baseline scenario. The highest median water levels are observed under the without-development scenario (0.38 mAHD), 
compared to 0.30 mAHD and 0.32 mAHD under the baseline and 2800 scenarios.
Water levels and depth from the previous 2 years improve (i.e. increase) in the North Lagoon under the 2800 scenario 
relative to the baseline scenario, but do not recover to those under the without-development scenario. In addition, salinity 
improves (i.e. decreases) and water levels slightly improve (i.e. increase) in the South Lagoon, but again do not have the 
same impact as under the without-development scenario. In the North Lagoon, in particular, the effect is consistent with, 
but smaller than, the effect under the without-development scenario (i.e. has the same trajectory relative to the baseline
scenario), but for the South Lagoon, there is less influence on water levels than would be the case if the effect were 
proportional.
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Figure 3.29 Boxplots showing the comparison between variables driving the ecosystem states of the Coorong under the 
without-development, baseline and 2800 scenarios: (a) annual range in water level (m), (b) maximum salinity (g/L), (c) average 
water depth from two years previous (m), and (d) average water level (mAHD). The green horizontal lines indicate thresholds 
between ecosystem states, as developed in Lester and Fairweather (2009a)
3.8.4 Ecological impacts
From the ecosystem states modelling, there is a positive impact on the mix of ecosystem states within the Coorong 
under the 2800 scenario, relative to the baseline scenario (Figure 3.30). Under the latter, six of the eight ecosystem 
states occur, including the unhealthy marine and degraded hypersaline states, indicating likely ecological degradation 
(Lester and Fairweather, 2011). The unhealthy hypersaline state (colour red) also occurs under all scenarios, but that 
state is potentially less reliable as an indicator of ecological condition (see Lester et al. (2011) for a discussion), so is not 
included in the assessment undertaken here. The without-development scenario provides a benchmark for what the 
ecosystem states of the Coorong might look like in the absence of water resource development. Under this scenario, six 
states occur (Figure 3.30), reducing to five once the unhealthy hypersaline state is discounted. 
Impacts under the 2800 scenario fall between the without-development and baseline scenarios. Under the 2800 
scenario, the most degraded ecosystem state (the degraded hypersaline state) no longer occurs, suggesting that some 
of the most severe ecological conditions within the region are effectively mitigated under this scenario. The lower 
incidence of the unhealthy marine ecosystem state also supports this interpretation. There remains a large difference in 
the incidence of the healthy hypersaline ecosystem state under the without-development and 2800 scenarios, which 
reflects the MDBA objective of avoiding ’major decline in health during dry periods’ (MDBA, 2011; p. 94). That state has 
been associated with high flow events within the Coorong, and so is considered to be of ecological importance (Lester et 
al., 2011).
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Figure 3.30 Comparison of the proportion of years in each ecosystem state under the without-development, baseline and 
2800 scenarios, noting that the unhealthy hypersaline state is not included in the assessment undertaken in this study
3.8.5 Mudflat model analysis
Temporal frequency of inundation
There is relatively little difference in frequency of inundation, or water level, under the baseline and 2800 scenarios, with 
both exhibiting lower frequencies of inundation than under the without-development scenario (Figure 3.31a-f) at all 
reference sites. Frequency is plotted as the number of days at varying water levels expressed as a percentage of the 
total number of days in the 114-year modelling run. 
In the South Lagoon (Parnka Point, Jack Point and Salt Creek), the bulk of the distribution under the without-
development scenario is in the 0.3 to 0.6 mAHD range (Figure 3.31d-f).
Spatial availability of mudflats under a 40 ppt salinity threshold
The area of mudflat inundated over time for all references sites is generally greater under the without-development 
scenario, and is more prominent in the South Lagoon sites (Figure 3.32).
Under the 2800 scenario, there is a relatively slight difference in area inundated, relative to the baseline scenario, at sites 
in the North Lagoon (Pelican Point, Long Point and Noonameena) (Figure 3.32a, b). By way of contrast, in the South 
Lagoon the total area inundated under the 2800 scenario is more than double that under the baseline scenario. These 
large increases in the South Lagoon recover between one-third and two-thirds of the area inundated under the without-
development scenario.
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Figure 3.31 Inundation frequencies of varying water levels (days at varying water levels expressed as a percentage of number 
of days in the 114-year scenario modelling run) at (a) Pelican Point, (b) Long Point, (c) Noonameena, (d) Parnka Point, (e) Jack
Point and (f) Salt Creek under the without-development, baseline and 2800 scenarios
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(a) North Lagoon – area inundated (daily) by site (b) North Lagoon – area inundated * frequency of inundation
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(c) South Lagoon – area inundated (daily) by site (d) South Lagoon – area inundated * frequency of inundation
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Figure 3.32 Area inundated (ha/d) with varying water levels (below 40 ppt salinity) at reference sites within (a) North Lagoon 
and (c) South Lagoon; and total area inundated (sq km/d) with varying water levels over the modelling period for references 
sites, aggregated to (b) North Lagoon and (d) South Lagoon, under the without-development, baseline and 2800 scenarios,
highlighting the difference between the North and South lagoons
3.8.6 Coorong: conclusions
Environmental water requirements for the Coorong, Lower Lakes and Murray Mouth are largely met under the BP-2800
scenario. This suggests that the 2800 scenario is likely to meet the environmental water requirements of the Coorong, 
Lower Lakes, and Murray Mouth in all but the most severe conditions previously recorded. This is likely to result in 
improved ecological outcomes for the region.
Based on this scenario, the hydrodynamics and the ecosystem states of the Coorong would have substantial benefits 
under the 2800 scenario. Extremely high salinities and low water levels are effectively mitigated under the 2800 scenario,
and this results in substantially reduced incidences of the unhealthy marine and degraded hypersaline states, which are
the most degraded states present under the baseline scenario. A small number of degraded ecosystem states remain, 
consistent with the finding above.
The results from the ecosystem states model are consistent with the mudflat model. A higher frequency of 
inundation occurs for all sites at higher water levels under the without-development scenario. The peak under the 
without-development scenario is generally in the 0.3 to 0.6 mAHD range, which is consistent with the findings in Benger 
et al. (2009) in that the 0.4 to 0.6 mAHD elevation range is most important for maximising mudflat inundation throughout 
the Coorong. In relation to area inundated over time, using a 40 ppt salinity threshold, the greatest mudflat habitat 
availability occurs under the without-development scenario, particularly in the South Lagoon sites. However, in some 
northern areas, the 2800 scenario outperforms the without-development scenario, having a higher frequency of wetting in
higher elevations. Overall, it could be expected that the baseline is the least likely scenario to support productive mudflat 
habitat in the South Lagoon, where the majority of mudflats are found. These findings match observations during the 
recent severe drought, where macroinvertebrates disappeared (Rolston and Dittmann, 2009) and submerged 
macrophytes were restricted to a northerly area of the South Lagoon (Rogers and Paton, 2009). Previous modelling has 
indicated the importance of the timing and distribution of flows on the hydrodynamics, ecosystem states and mudflats of 
the Coorong. The 2800 scenario represents one sequence of timing and distribution, and it is important to note that the 
findings presented here are explicitly linked to the sequence of flows, not simply an average annual flow, or a sustainable 
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diversion limit associated with a given 2800 scenario. This means that if the water allocation plans or water sharing rules 
change, the benefits of a given scenario would be expected to change and would need to be re-assessed.
When interpreting these results, it is also important to be aware of the limitations of the models (described by
Webster (2007, 2010) and Lester and Fairweather (2009b, 2011). The hydrodynamic model is a simplification of a 
three-dimensional system into a one-dimensional calculation and fine-scale resolution of water levels and salinities is 
lost. Validation shows the model performs well over a range of barrage flows, but it is intended to simulate the range of 
possible conditions, not predict salinities. The ecosystem states model simulates the ecological conditions expected 
under a given scenario but has limited predictability of recovery from dry periods. Each site is treated as independent of 
its neighbours and previous conditions and is yet to be fully validated. Its ability to simulate ecological conditions under 
moderate to high flows may be limited, and it should be used to identify when ecological degradation is likely.
3.9 Discussion and conclusions
The prevailing paradigm is that river regulation and water resource development (Kingsford, 2000) and a history of 
overallocation of water resources (NWC, 2007), combined with severe prolonged recent drought (Chiew et al., 2011) and 
the impact of climate change (Finlayson et al., 2011), have led to drastic decline in the condition of flow-dependent 
ecosystems in the Basin (Kingsford et al., 2011; Pittock and Finlayson, 2011; Mac Nally, 2011).
Trends in some long-term datasets of ecological response variables show patterns of decline that pre-date the 
millennium drought. The underlying driver of decline is likely to be the increasing pressure of combined effects of multiple 
stressors over several decades. These stressors include several periods of severe prolonged drought combined with 
river regulation, water resource development and overallocation of water, as well as land clearing and the 
overexploitation of fisheries and timber resources during the first half of the 20th century.
For some long-term datasets it is difficult if not impossible to separate the effects of reduction in the availability of water 
to the environment during the recent decade of drought from the effects of inter-decadal variation in water availability. 
The simple reason for this is that many of the datasets are not long enough to be representative of more than one or two 
of the drought and flood events over the last century. Flow-dependent ecosystems in the Basin are adapted to withstand 
long-term fluctuations in water availability and have undergone repeated periods of decline and recovery in concert. Most 
long-term datasets only cover the millennium drought and part of the period of higher inflows from 1983 to 1997 (Figure 
3.1). This does not mean the datasets are not useful in determining trends in ecological condition but they do have to be 
interpreted with caution. For example, most of the datasets for waterbirds commenced in 1983. Some wetlands have 
relatively high populations and indices of breeding activity up until the onset of the millennium drought, after which they 
have low populations and breeding activity. Fitting a simple regression line to such a dataset will show a significant 
downward trend, with the subsequent conclusion that waterbird populations are in decline, but without any qualifier about 
the capacity for recovery of waterbird populations following the onset of extensive flooding in the Basin in 2010 to 2011.
Run-off in south-east Australia during the millennium drought was unprecedentedly low, placing great pressure on water 
resources and giving rise to the perception that the millennium drought may herald a persistent change from historical 
conditions (Chiew et al., 2011). There is some evidence the millennium drought is associated at least in part with climate 
change (Hope et al., 2009). Climate projections for the Basin, particularly the southern part, indicate a drier future 
(summarised by Chiew et al., 2011), so it is wise to plan for conditions of less water than the historical long-term 
average, including additional provision of water for the environment, such as in the Basin Plan.
The outputs from the models presented in this chapter show small but ecologically significant improvements in ecological 
response variables under the 2800 scenario relative to the baseline scenario. Ecologically significant here means a likely 
halt in decline or an improvement relative to the baseline scenario. The magnitude of improvements is relatively 
consistent across groups of response variables (floodplain vegetation; waterbirds; the Coorong) except native fish. But 
this does not mean that ecological consequences under the 2800 scenario are the same or similar for all flow-dependent 
ecosystems. There are some clear differences between ecosystems in the northern Basin and southern Basin, between 
different hydrologic indicator sites, and between different parts of those sites. The following paragraphs outline some of 
the most important differences and their ecological consequences.
Vegetation communities on higher parts of the floodplain are likely to remain vulnerable under the BP-2800 scenario,
particularly river red gum woodland and black box woodland. These communities are likely to become more dependent 
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upon high natural flow events, the occurrence of which is likely to be increasingly uncertain. Black box woodland is quite 
hardy under dry conditions but requires flooding for regeneration. Lack of regeneration has been apparent in many black 
box woodlands in the southern Basin for some time (Roberts and Marston, 2011). The long-term ecological 
consequences are likely to be an excess of mortality over recruitment, a reduction in extent of river red gum and black 
box woodland on the higher floodplain, and a transition from flood-dependent vegetation communities to fully terrestrial 
ones.
Differential ecological effects on native fish are most apparent in relation to their habitat preferences, with improvement in 
recruitment habitat benefiting flood-spawning species, whereas habitat requirements for channel species are met under 
baseline and 2800 scenarios.
For waterbirds, benefits under the 2800 scenario vary from site to site. Overall, there is no apparent difference in the 
percentage of years with possible breeding events. The major prediction of the models is a significant increase in smaller 
breeding events but no major change in large ones. The long-term ecological consequence is likely to be that relatively 
small local populations can be sustained, though maintenance of larger populations is likely to be dependent on spatial 
and temporal patterns of availability of suitable sites over a broader area than the Basin.
The end-of-system nature of the Coorong means that relatively modest improvements in physical driver variables 
(salinity, water depth) have disproportionately large ecological benefits. The ecological benefits include an increase in 
availability of suitable mudflat habitat for foraging shorebirds, a decrease in the proportion of time that the Coorong exists 
in degraded hypersaline or unhealthy marine ecosystem states, and an increase in the capacity for ecosystem recovery 
from periods characterised by conditions of low barrage flows and high salinity. The long-term ecological implications are 
that environmental water requirements of the Coorong ecosystem are likely to be achieved in all but the driest conditions.
The results of the ecological response modelling vary from site to site, between environmental water requirements and 
modelling approaches, reflecting the uncertainty around how flows lead to successful ecological outcomes, but also real 
constraints in achieving appropriate environmental watering conditions. There is also uncertainty about the magnitude of 
flows with particular attributes of duration, depth and seasonality. Future research needs to improve the understanding of 
the relationships between flow and ecology.
The ecological significance of improvements of the magnitude reported here is in contributing to halting and reversing 
decline in ecosystem condition during a period of considerable uncertainty regarding future water availability. Future 
hydroclimatic projections can be considered as plausible alternative scenarios, including the continuation of the climate 
of the past 10 to 15 years. Despite the recent floods, predictions are unclear on how soon dry conditions might return. 
Higher frequency of dry conditions means that larger amounts of rainfall are required during wet conditions in order to 
increase run-off and streamflow and recharge groundwater and surface water storages. It has not been our intent in this 
chapter to attempt to model outcomes of the 2800 scenario to secure flow-dependent ecosystems through another 
prolonged drought that may eventuate within the next decade. This might be considered a worse-case scenario. The 
recovery of additional water for the environment under the 2800 scenario, and the small but significant ecological 
benefits it is likely to bring, can be considered to represent an important part of a continuing adaptive process of 
mitigating against such a scenario.
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4 Water quality benefits
This chapter focuses on three major water quality issues:
x acidification of the Lower Lakes due to low water levels
x formation of cyanobacterial blooms in inland waterways due to persistent thermal stratification
x occurrence of hypoxic blackwater events due to oxidation of accumulated carbon stores on floodplains during 
floodplain inundation.
The water quality indices are calculated under the without-development, baseline and 2800 scenarios (Table 4.1),
resulting in incremental changes in the supply of ecosystem services provided by fresh water under the three flow 
scenarios.
Water quality is related to the ecosystem services provided by fresh water and could potentially be affected if 
2800 GL/year of water are recovered for the environment. 
4.1 Key findings
4.1.1 Acidification of the Lower Lakes
x Under the 2800 scenario, modelled water levels at Milang on Lake Alexandrina do not fall below 0.10 mAHD.
This level is higher than the minimum water level under the baseline scenario. It is above any of the water 
level thresholds identified as being of concern for acidification of the Lower Lakes.
x The potential does exist under the 2800 scenario for localised lake acidification due to rainfall on exposed 
sediments when water levels in the Lower Lakes fall below their normal regulated level. This problem is,
however, related to the historical regulation of water levels in the Lower Lakes as much as the prevailing flow 
regime.
4.1.2 Cyanobacterial bloom formation
x The mean number of risk days per year for cyanobacterial bloom formation decreases at five out of six 
locations examined under the 2800 scenario relative to the baseline scenario. The mean number of risk days 
per year increases by three at Walgett under the 2800 scenario.
x There are also small decreases (at four locations) or no change (at two locations) in the mean number of risk
events per year for cyanobacterial bloom formation under the 2800 scenario relative to the baseline scenario.
4.1.3 Blackwater event occurrence
x In the five River Murray zones where the potential for blackwater events is highest, the risk of experiencing a 
potentially hypoxic blackwater event declines by approximately 25% under the 2800 scenario relative to the 
baseline scenario.
x Flow regulation has shifted the distribution of blackwater event occurrence away from a higher frequency of 
relatively benign events with low-oxygen demand to a greater number of events with high-oxygen demand 
where the risk of anoxic conditions developing (and risk of fish kills, for example) is greater. Under the
2800 scenario, the frequency of potentially hypoxic blackwater events reduces by approximately 25% relative 
to the baseline scenario.
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Table 4.1 Ecosystem services analysed in this chapter (plum outline), including the methods and models used to estimate 
incremental changes in the supply of ecosystem services. The scale of analysis, the methods and models used, and the 
relevant section in the chapter are listed 
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4.2 Introduction
Supply of fresh water for consumptive uses is an ecosystem service of high importance, and the supply of this service is 
compromised in low-flow conditions. Low flow increases the risk of cyanobacterial blooms. Wetlands and floodplains that 
undergo extended dry periods accumulate greater amounts of leaf litter, which –when inundated – contribute to 
blackwater events. Longer periods of dry and low-flow conditions increase the risk of more severe blackwater events by 
allowing greater accumulation of dry biomass. Acidification becomes a problem when long-wet sulfidic sediments are 
exposed due to very low water levels.
The three water quality issues analysed in this report are only three of a range of potential water quality issues that could 
be affected if an additional 2800 GL/year of water are returned the environment. Others include changes to riverine 
salinity levels and changes in suspended sediment loads due to altered erosion patterns arising from a varied flow 
regime. However, the three issues considered in this report are ones where there are clear hydrologic drivers and for 
which there exist models able to adequately simulate responses to the 2800 scenario. 
Changes to riverine salinity (as distinct to that in the Coorong) have not been considered in this chapter on water quality 
for several reasons. Riverine salinity modelling is undertaken by the MDBA for the Murray River, using the MSM-BigMod 
model. Modelled salinity data were not provided to the CSIRO for other regions. For the Murray River or elsewhere, 
CSIRO has nothing to add to the modelling undertaken by the MDBA, therefore the MDBA are in the best position to 
report on any changes to riverine salinity under the three flow scenarios. Consultation with MDBA staff indicated that 
there was considerable uncertainty about the validity of the salinity modelling under the 2800 scenario. The reason for 
this uncertainty is that the salinity model utilised in MSM-BigMod is a semi-statistical model rather than a process model 
and there was some concern that the flow regime simulated under the 2800 scenario could be sufficiently different to the 
calibration range of the underlaying statistical model that the predictions could not be strongly relied upon. There is also 
a lack of scientific knowledge of the nature of potential riverine salinity changes associated with a flow regime similar to 
the 2800 scenario (i.e. with increased inundation of floodplains), as described in Crossman et al. (2011).
Three flow scenarios and the subsequent benefits to water quality are examined in this chapter: the without-
development, baseline and 2800 scenarios (as defined in Chapter 2). Importantly, none of the three water quality 
problems examined here are solely controlled by the hydrologic characteristics that will vary under these three scenarios. 
The potential for acidification of the Lower Lakes is partly related to seasonal rainfall patterns, for example, as well as the
management strategies associated with operation of the barrages separating the Lower Lakes from the Coorong and 
whether or not marine water is allowed to enter into the Lower Lakes. The development of cyanobacterial blooms is 
partly related to hydrologic characteristics but also to nutrient concentrations in the water column, plus local temperature, 
wind and light penetration conditions.
However, the scope of this assessment is to examine how an additional 2800 GL/year of water recovered for the 
environment may influence the occurrence of these water quality problems. The variations this project examines are 
changes that can be attributed to changed hydrologic conditions. Consequently, this implies that the results presented 
here should be viewed in terms of relative changes in the occurrence of these water quality problems attributable solely 
to changes in the distribution of water in space and time across the Murray–Darling Basin as represented by the various 
flow scenarios. The results should be considered primarily in terms of relative changes in the hydrologic risk factors for 
these three water quality issues.
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4.3 Acidification of the Lower Lakes
The barrages between the Coorong and Lower Lakes, completed in 1940, were constructed to maintain lakes 
Alexandrina and Albert in a freshwater state by maintaining their water levels at approximately 0.75 mAHD. Without the 
barrages, water levels in the Lower Lakes would have been closer to sea level. Furthermore, due to exchange between 
the Lower Lakes, the Coorong and the Southern Ocean, salinity levels in these lakes would naturally have varied 
between completely fresh and saline depending on the prevailing flow into the lakes. However, the regulation of water 
levels in the Lower Lakes by the barrages has allowed for significant accumulation of sulfidic material in sub-aqueous 
and margin soils (Fitzpatrick et al., 2010). Although this sulfidic material poses little environmental harm while 
permanently inundated, if these sulfidic sediments are exposed to air through falling water levels, a series of chemical 
reactions can occur forming sulfidic materials with low pH values (pH less than 4). When these sulfidic materials 
subsequently come into contact with water (either through re-flooding or through rainfall), significant amounts of sulfuric 
acid can be released. Other risks associated with acid sulfate soils include:
x mobilisation of metals, metalloids and non-metals 
x decrease in oxygen in the water column when monosulfidic materials are mobilised into the water column
x production of noxious gases (Fitzpatrick et al., 2010). 
The first two of these risks affect organisms living in the acidified water. Elevated metal concentrations can be 
biologically harmful and low oxygen levels can lead to fish kills, for example. 
Due to the historical regulation of the water level in the Lower Lakes and the large reservoir of accumulated acidity in the 
oxidised soil profile (Hipsey et al., 2010), there is now a management imperative to maintain inundation of these 
potentially sulfidic sub-aqueous and margin soils within the Lower Lakes.
Hipsey et al. (2010) conducted a series of hydrogeochemical modelling simulations to examine water levels of the 
Lower Lakes required to prevent ‘large-scale whole lake acidification’. They identified values of –1.75 mAHD for Lake 
Alexandrina and –0.75 mAHD for Lake Albert as critical management levels required to prevent widespread 
acidification. It is important to note that they did identify the potential for localised acidification in both lakes at water 
levels above the –0.75 and –1.75 mAHD thresholds from lakes Albert and Alexandrina, respectively, due to rainfall on 
exposed lake floor sediments transporting sulfuric acid from these marginal areas into the lakes. They also noted that 
traditional water quality problems – such as elevated nutrients, very high algal concentrations, and reduced clarity – will 
become a persistent feature even at the recommended management levels for the two lakes. As discussed in Hipsey et 
al. (2010), there is a need to maintain water levels in the Lower Lakes at a sufficiently high level to prevent lake 
acidification. In this component of the project, the potential for Lower Lake acidification in relation to lake water levels is 
investigated under the 2800 scenario.
4.3.1 Methods
The modelled water levels at Milang – as simulated by the Murray–Darling Basin Authority (MDBA) using the 
MSM-BigMod model – were used to examine the potential for negative water quality conditions due to lake acidification 
arising from low lake levels. Water level thresholds in Lake Alexandrina of 0.00, –0.50, –1.50 and –1.75 mAHD were 
identified either as water levels of concern by management agencies or indicators of increased risk of lake acidification. 
The first two values were identified by the South Australian Department of Environment and Natural Resources (DENR) 
and were used by Pollino et al. (2011); the third value was nominated by the MDBA; and the fourth value was identified 
by Hipsey et al. (2010) for Lake Alexandrina as a minimum water level required ‘to prevent large-scale whole lake 
acidification’.
4.3.2 Results
The statistical analyses of the modelled occurrences of low water levels in Lake Alexandrina – indicators of elevated risk 
of lake acidification – are summarised for all scenarios in Table 4.2. Time series plots of modelled water levels are shown 
in Figure 4.1. Exceedance plots of water levels are shown in Figure 4.2.
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Water levels in Lake Alexandrina do not drop below –0.50 mAHD under any of the scenarios and so the –1.50 mAHD 
and –1.75 mAHD thresholds are not further analysed. Under the without-development scenario, the water levels in 
Lake Alexandrina do not drop below the 0.00 mAHD threshold, whereas under the baseline scenario there are six spells 
where the water level drops below 0.00 mAHD, and one spell where the water levels drop below –0.50 mAHD. Under the 
2800 scenario, there are no periods where water levels in Lake Alexandrina drop below 0.00 mAHD. 
Under the 2800 scenario, there are no water levels where whole lake acidification would occur. However, it should be 
noted that the lowest water level predicted in any of the scenarios (–0.50 mAHD under the baseline scenario) is above 
the lowest level observed at Milang in the recent drought (–0.99 mAHD on 9 April 2009) and so the severity of low water 
level occurrences appears to be under estimated under the modelled scenarios. This could be for several possible 
reasons, including:
x poor ability of the models to simulate hydrologic extremes, such as the extreme conditions that occurred 
during the millenium drought
x suspension of regional water sharing plans during the millenium drought (which were not suspended in the 
modelled scenarios)
x inclusion of The Living Murray program flows for the full duration of the 114-year simulation period under the 
baseline and 2800 scenarios, while in reality The Living Murray program only entered into force in the later
years of the millenium drought.
The severity and duration of future low water level events are sensitive to future flow patterns that could be different to 
the historical flow patterns simulated in the modelling scenarios. Lake levels of approximately 0.00 mAHD may also 
result in localised acidification from rainfall on exposed sediments, so such levels should not be seen as entirely risk-free.
Table 4.2 Summary statistics of modelled low water levels in Lake Alexandrina under the 114-year simulation period
(1 July 1895 to 30 June 2009) under the without-development, baseline and 2800 scenarios
Statistics of modelled low water levels Without development Baseline 2800
Minimum water level (mAHD) 0.04 –0.50 0.10
Maximum water level (mAHD) 1.18 1.12 1.14
Lake Alexandrina less than a threshold of 0.00 mAHD
Number of below-threshold events 0 6 0
Longest below-threshold event (days) na 539 na
Mean of below-threshold troughs (mAHD) na –0.22 na
Mean duration of below-threshold events (days) na 196 na
Total duration of below-threshold events (days) na 1,174 na
Mean period between below-threshold events (days) na 7,550 na
Longest period between below-threshold events (days) na 14,186 na
Lake Alexandrina less than a threshold of –0.50 mAHD
Number of below-threshold events 0 1 0
Longest below-threshold event (days) na 12 na
Mean of below-threshold troughs (mAHD) na –0.50 na
Mean duration of below-threshold events (days) na 12 na
Total duration of below-threshold events (days) na 12 na
Mean period between below-threshold events (days) na na na
Longest period between below-threshold events (days) na na na
na – not applicable
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Figure 4.1 Modelled daily water levels in Lake Alexandrina for the 114-year simulation period (1 July 1895 to 30 June 2009) 
under the (a) without-development, (b) baseline, and (c) 2800 scenarios
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Figure 4.2 Exceedance plots of modelled daily water levels in Lake Alexandrina over the 114-year simulation period 
(1 July 1895 to 30 June 2009) under the without-development, baseline and 2800 scenarios
4.4 Cyanobacterial bloom formation
Cyanobacterial (often incorrectly referred to as ‘blue-green algal’) blooms cause undesirable tastes and odours in water.
Some species can produce toxins capable of causing a range of negative health effects in humans including digestive 
and skin disorders. The decay of a bloom can also generate low oxygen levels in a water body, leading to stress or death 
of aquatic organisms such as fish. Cyanobacterial blooms can also affect water-based leisure activities such as fishing 
and swimming. Consequently, a desirable management objective is to minimise the occurrence of cyanobacterial blooms 
in the Basin’s rivers. 
The formation of riverine cyanobacterial blooms is driven by a number of environmental factors including flow rate, 
nutrient supply, light penetration (influenced by turbidity) and temperature. Studies have shown that a key prerequisite for 
the development of cyanobacterial blooms is persistent thermal stratification of the water column during warm summer 
months (Maier et al., 2001; Maier et al., 2004; Sherman et al., 1998; Webster et al., 2000). Thermal stratification, which 
occurs under low-flow conditions when the flow turbulence is lowest, allows buoyant cyanobacteria (Anabaena spp.) to 
float to the top of the water column whereby they can proliferate into detrimental blooms over time. The anticipated 
additional water being provided in to downstream sites in the Basin (i.e. not extracted at upstream locations for 
consumptive use) may have a beneficial impact on the potential for cyanobacterial bloom formation by reducing the 
low-flow conditions conducive to bloom formation.
Most studies of cyanobacterial blooms in the Basin have focused on weir pool locations because these are high-risk 
locations due to the pooling of water behind weir gates. Six sites were identified in the literature where minimum flow 
thresholds required to prevent thermal stratification have been calculated. These thresholds are listed in Table 4.3. There 
is commonly a minimum period of below-threshold flow required to allow a bloom to develop and these minimum duration 
criteria are listed in Table 4.3 where available. While a variety of influences control the actual occurrence of an algal 
bloom, the analysis presented here has focused on the flow-related risk factors associated with the potential 
development of algal blooms.
In addition to the sites listed in Table 4.3, additional River Murray sites along the New South Wales – Victoria border 
were analysed to examine whether there was any basis for derivation of additional minimum flow thresholds for 
preventing thermal stratification required for bloom formation. This analysis, however, indicated no strong basis for any 
additional flow-related rules for the River Murray along the reach examined so it was not possible to expand upon the 
sites available for inclusion in this analysis to those already listed. 
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Table 4.3 Information available in the published literature about flow thresholds, minimum duration of below-threshold flow 
required to allow a bloom to develop, and warm months when cyanobacterial blooms may form 
Location Flow threshold Minimum duration Warm months References
ML/day days
Barwon River at Brewarrina 510 12 October to March Mitrovic et al. (2006)
Darling River at Bourke 450 12 October to March Mitrovic et al. (2006),Mitrovic et al. (2003)
Darling River at Wilcannia 350 12 October to March Mitrovic et al. (2006)
Namoi River at Walgett 100 na na Mitrovic et al. (2003)
Murrumbidgee River at 
Maude Weir Pool 1000 na na
Webster et al. (2000),
Sherman et al. (1998),
Webster et al. (1997)
Murray River at Morgan 7000 7 December to February
CSIRO (2011),
Maier et al. (2001),
Maier et al. (2004)
na – information was not reported in the literature
4.4.1 Methods
The modelled flow data for the sites nominated in Table 4.3 were analysed to identify the number of risk days per year 
and number of risk events per year during which the hydrologic conditions were conducive to cyanobacterial bloom 
formation. A number of parameters were not stipulated in Table 4.3. In order to complete the analysis, values from 
nearby sites have been used, as shown in Table 4.4.
It is also important to recognise that the flow scenarios provided by the MDBA do not, due to technical limitations, include 
the effects of the Interim Unregulated Flow Management Plan for the North West. This plan was implemented in 1992 
and aims to provide flows to suppress cyanobacterial blooms in the Darling River. By not including this policy in the 
modelled scenarios, the calculated number of risk days or risk events per year may be over estimated.
4.4.2 Results
Table 4.4 summarises the results of the analysis of the hydrologic risk factors for cyanobacterial bloom formation. Under 
the without-development scenario, the mean number of risk events per year ranged between 0.4 and 1.0 across the six 
sites. This range rises to 1.0 to 2.4 events per year under the baseline scenario due to the reduced flow rates and 
volumes for this scenario arising from consumptive use of water. At the majority of sites (five out of six) there is a small 
decrease in the mean number of risk events per year. However, larger reductions are observed in the number of risk 
days per year. Values ranged from between 13 and 38 risk days per year under the without-development scenario to 
between 45 and 81 risk days per year under the baseline scenario. Under the 2800 scenario, the mean number of risk 
days per year decreases at all locations (except for Walgett) to between 33 and 66 risk days per year. The simulations
for Walgett indicate an increase from 81 to 84 of mean number of risk days per year.
104 ƒ Assessment of the ecological and economic benefits of environmental water in the Murray–Darling Basin
Table 4.4 Key statistics of occurrences of flows below flow thresholds for six sites under the without-development, baseline
and 2800 scenarios
Site 
(gauge 
number)
Flow 
threshold
Minimum 
duration Months
Mean number of risk events per year Mean number of risk days per year
Without 
development Baseline 2800
Without 
development Baseline 2800
ML/day days
Morgan 
(426554) 7000 7
December 
to February 0.4 1.1 1.1 13 45 42
Maude Weir 
(410040) 1000 7
December 
to February 0.7 1.6 1.6 21 71 44
Brewarrina 
(422002) 510 12
October to 
March 1.0 1.8 1.5 38 74 66
Bourke 
(425003) 450 12
October to 
March 0.8 1.0 0.8 28 42 33
Wilcannia 
(425008) 350 12
October to 
March 0.7 1.2 1.0 30 80 52
Walgett 
(419057) 100 12
October to 
March 1.0 2.4 2.3 34 81 84
4.5 Blackwater event occurrence
‘Blackwater’ is water that has a dark tea-stained appearance. The dark stain is imparted to the water by dissolved 
organic carbon (DOC) that has dissolved into the water as a result of leaching of organic matter following inundation of 
soil and vegetation. There is a great diversity of compounds that make up DOC. Some of them are broken down rapidly 
by bacteria and others are broken down more slowly by other processes such as exposure to ultraviolet light. The 
composition of these compounds varies with the composition of the organic matter from which they are leached. DOC 
can form the foundation of a healthy ecosystem by providing food for the bacteria at the bottom of the food chain. 
However, if there is a lot of rapidly degradable DOC, the dissolved oxygen concentration within the water can fall below 
dangerous thresholds leading to fish kills, yabbie migrations and harm to other aquatic organisms.
Along the River Murray, leaves and bark are the most important sources of organic matter that produces DOC. As leaves 
and bark accumulate on the floodplain between flood events, the amount of DOC produced following inundation 
increases. As the interval between floods increases, so does the amount of accumulated organic matter as well as the 
potential production of DOC. 
As the concentration of DOC increases, so does the potential for a ‘hypoxic blackwater event’. Hypoxic means ‘low 
oxygen’ and a hypoxic blackwater event can threaten aquatic organisms if it causes oxygen concentrations to fall below 
levels that cause asphyxiation or impair normal metabolic functioning. As the depth of flooding increases, the additional 
water dilutes the leached DOC. Reductions in the frequency of flooding and the flood discharge as a result of river 
regulation can interact to both increase and decrease the chances of a hypoxic blackwater event occurring. A model of 
the potential for blackwater formation has been created to examine the blackwater production under different flow 
scenarios.
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4.5.1 Methods
The analysis of potential blackwater event occurrence required the development of a blackwater model for this project.
The model estimates the accumulation of DOC, the oxygen consumed by the mineralisation of the DOC, and the 
sediment respiratory oxygen demand on a calendar year basis. Model results are expressed in terms of a parameter 
called the ‘potential dissolved oxygen drawdown’ (PDOD) which is computed as:
PDOD  potential¦ oxygen demand
overbank flow¦ (1)
The PDOD has units of mg-O2/L and can be thought of as a potential change in dissolved oxygen concentration in 
floodwater during a calendar year. Conceptually, the final dissolved oxygen concentration in the floodwater can be 
estimated by subtracting PDOD from the initial dissolved oxygen concentration. For example, an initial dissolved oxygen 
concentration of 8 mg/L (e.g. the saturation concentration of dissolved oxygen is about 8 mg/L at a temperature of 26 °C) 
in the flood water and a PDOD of 6 mg/L would suggest a residual dissolved oxygen concentration of 2 mg/L. 
A hypoxic blackwater event is defined as a period when the dissolved oxygen concentration decreases below a threshold 
deemed to pose an unacceptable risk to the aquatic environment. A dissolved oxygen concentration threshold of 2 mg/L 
was suggested by Howitt et al. (2007) based on Gehrke’s (1988) study on Spangled Perch (Leiopotherupon unicofor). 
Because PDOD is computed on an annual basis, it does not capture the risk of acute short-term hypoxic events that may 
lead to fish kills. Acute hypoxic events are likely to be sensitive to the specific timing and number of floods during a year 
due to the relatively greater oxygen demand at the beginning of a flood. PDOD is the average dissolved oxygen 
concentration drawdown during the year and any departure from the estimated residual dissolved oxygen concentration 
during a flood requires a compensating change elsewhere during the flood in order to conserve the overall estimated 
oxygen demand. For example, if the average annual residual concentration (initial concentration – PDOD) is estimated to 
be 2 mg/L, an increase to 3 mg/L during part of the flood would have to be balanced by a decrease below 2 mg/L during 
some other portion of the flood.
Blackwater model background
The conceptual foundation of the model is the hypoxic blackwater model developed by Howitt et al. (2007) for the 
Barmah–Millewa Forest. Howitt et al. (2007) modelled oxygen demand arising from floodplain inundation as the 
combination of soil mineralisation and leaching of DOC from litter and the subsequent mineralisation of the produced 
DOC. Their model represented the floodplain as a single aggregated area and determined a proportion of the area 
flooded based on observed discharge at a reference gauging station on the primary inflowing river. Following inundation, 
soil respiration and leaching of DOC from floodplain litter consume oxygen from the overlying water. Re-aeration and 
inflowing water supply oxygen to their model domain. When the oxygen demand from remineralisation of organic matter 
exceeds the supply of oxygen, the dissolved oxygen concentration of the overlying water is diminished. 
In contrast to the Howitt et al. (2007) model, the blackwater model is spatially explicit but it does not incorporate 
temperature effects, chemical transformations or the advection of oxygen-rich or oxygen-poor water between model grid 
cells.
Blackwater model implementation
The basic premise of the model is that hypoxic blackwater events result from oxygen consumption associated with both 
biological mineralisation of DOC in the water column and sediment respiratory demands. Water column DOC is produced 
through leaching of inundated organic matter on the floodplain and this organic matter is supplied as litterfall from the 
floodplain vegetation. The litter is assumed to be comprised of rapidly leached and more slowly leached pools of organic 
carbon which correspond roughly to leaves and bark which Hladyz et al. (2011) observed to comprise 10 and 28%, 
respectively, of the total litterfall. In other words, 38% of total litterfall is deemed to be leachable and 30% of this 
‘leachable’ litter is leached at the fast rate (with a rate constant of 0.5 per day). The remainder is leached at a slower rate 
(with a rate constant of 0.004 per day). 
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In the model, litter accumulates throughout the year at a litterfall rate that varies with season (Table 4.5). There is 
currently no modelled interaction between litterfall rate and floodplain inundation; differential vegetation responses 
between flow scenarios in terms of leaf growth and shedding are currently not accounted for. Remineralisation of litter is 
neglected under dry conditions, as this rate is quite small relative to the rate of remineralisation under wet conditions. Soil 
respiration and DOC leaching rates are assumed constant throughout the year and are based on the mesocosm 
inundation experiments of Wilson et al. (2011). The soil carbon content is assumed constant at 2.5%, which is midway 
between reported values in Wilson et al. (2011) and Hladyz et al. (2011) who studied different river floodplains in the 
Basin. The constant soil respiration rate is representative of conditions during a flood of 40-day duration.
It is known that thermal effects on microbially-mediated reactions are important seasonally but temperature effects have 
not been included. Provided the seasonal timing of flooding does not change between scenarios, this limitation may not 
be too important, especially given all the other necessary simplifications in the model.
The model has been developed for application along the River Murray using 21 of the River Murray floodplain inundation 
model (RiM-FIM) (Overton et al., 2006) flood inundation model zones (zone 22, the Lower Lakes, is not included). The 
model uses 45 and 50 m grid resolution depending on the RiM-FIM zone being simulated. The original RiM-FIM grids 
had resolutions of 5 and 15 m and were aggregated to 45 or 50 m resolution using the ArcMAP > Spatial Analyst Tools >
Generalization > Aggregate tool configured to select the median value of the aggregated cells.
During execution, the model compared the daily discharge at a reference gauging station to the discharge values 
required to inundate grid cells within the corresponding RiM-FIM zone. Only grid cells inundated at discharges greater 
than a defined ‘commence-to-flow’ value were considered. If the discharge exceeded the RiM-FIM value for inundation of 
a specific grid cell then the cell was considered inundated. The end of a flood was assumed to occur after ten 
consecutive days without inundation of a grid cell. When a flood ends, all the remaining accumulated litter was assumed 
to have been washed out. 
The ‘commence-to-flow’ values were determined by visual inspection of RiM-FIM grids and were set to a value that best 
corresponded to a change in floodplain topography deemed to correspond to a step change or the beginning of more 
rapid expansion of the flooded area with increasing discharge. Information from the Murray Flow Assessment Tool was 
considered in the determination of the ‘commence-to-flow’ values used in the model. Table 4.6 lists reference gauging 
stations and commence-to-flow values for each RiM-FIM zone.
Table 4.5 Seasonal litterfall rates used in the blackwater model 
Season Months Litterfall
g-dry matter/m2/day
Summer December to February 4.8
Autumn March to May 1.7
Winter June to August 0.4
Spring September to November 1.2
Source: Hladyz et al. (2011)
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4.5.2 Results
Potential blackwater formation in each RiM-FIM zone under each of the flow scenarios was assessed by counting the 
number of years during the 114-year simulation period for which the PDOD exceeded a specified value. The results are 
presented in Figure 4.3. Recall that the residual dissolved oxygen concentration in the flood water can be estimated by 
subtracting the PDOD from the initial dissolved oxygen concentration. The discussion that follows assumes an initial 
dissolved oxygen concentration of 8 mg/L. 
If the modelled estimates of oxygen demand are considered to be upper limits on the ‘true’ value that might occur and 
the dissolved oxygen demand is distributed temporally in proportional to the discharge, then PDOD values less than 
4 mg/L would not be expected to present a risk to aquatic life because the reduction in dissolved oxygen water levels in 
the water should be sufficiently small as to be within the tolerable range for aquatic life. Years with PDOD less than 
4 mg/L could indicate floodplain wetting that provides some desirable connectivity between the river and the floodplain. 
For PDOD values greater than 4 mg/L, there is some risk to native fish, and at PDOD values exceeding 6 mg/L the threat 
to native fish becomes more serious as it is possible that the residual dissolved oxygen concentrations may fall below the
2 mg/L threshold reported by Gehrke (1988).
The risk of experiencing a potentially hypoxic blackwater event (PDOD greater than 6 mg/L) was greatest for the 
following reaches of the River Murray: Hume Dam to Lake Mulwala (zone 1), the reach encompassing Barmah Forest 
(zone 3), the reach encompassing Gunbower–Koondrook–Perricoota Forest (zone 7), between Locks 15 and 10 
(zone 12), and between Locks 7 and 6 (zone 16), as shown in Figure 4.3. In all these zones, the frequency of potentially 
hypoxic blackwater events was approximately 25% lower under the 2800 scenario relative to the baseline scenario. 
Another feature of interest in Figure 4.3 is that under the without-development scenario, there were more events with low 
PDOD (less than 2 mg/L) and fewer events with higher PDOD (greater than 6 or 8 mg/L). Ecologically this is probably a 
good outcome. Under the baseline and 2800 scenarios, there are fewer events with low PDOD (less than 2 mg/L) and 
more events with higher PDOD (greater than 6 or 8 mg/L). Ecologically this is not a good outcome because these events 
with larger oxygen drawdown potential have greater risk of inducing fish kills due to low oxygen levels. Under the
without-development scenario, there are the greatest number of events of low (greater than 2 mg/L) to moderate (greater 
than 4 mg/L) PDOD for roughly one-third of RiM-FIM zones but the least number of events of high (greater than 8 mg/L)
PDOD for these same zones. This pattern indicates that flow regulation has reduced the frequency of events with a 
relatively modest oxygen demand (and hence low risk of anoxic conditions developing) and increased the number of 
events with higher oxygen demand where the risk of anoxia developing is much higher.
In order to interpret changes in the PDOD, it is useful to consider the terms in Equation 1. PDOD values increase if either 
the potential oxygen demand increases for a given volume of overbank flow or the overbank flow decreases for a given 
potential oxygen demand. The potential oxygen demand increases with increasing inundated area and with increasing 
duration of inundation. If overbank flow increases, but not enough to cause inundation of additional grid cells, then the 
potential oxygen demand will not change. This is analagous to increasing the depth of water on the floodplain without 
increasing the extent of flooding so that there is a greater mass of water available to dilute the oxygen demand. In 
contrast, if overbank flow decreases without reducing the inundated area, there will be less water available to satisfy the 
oxygen demand and the PDOD will increase. 
Extent and duration of inundation
The average annual extent of floodplain inundation was computed by averaging the 114-yearly estimated floodplain 
extents for each of the RiM-FIM zones. The results are shown in Figure 4.4. The blackwater model reveals that under the 
2800 scenario the average annual maximum floodplain inundation extent decreases in zones 1 to 3 (Barmah Forest and 
upstream) but increases slightly downstream of Barmah Forest in zones 4 to 21 (Figure 4.4). The predicted total 
inundated area over zones 1 to 21 increases by 10% under the 2800 scenario relative to the baseline scenario. 
A timescale representing the average annual duration of inundation was computed as the average annual area-weighted 
duration of inundation divided by the average maximum annual inundated area, where averaging is computed on the 
114 annual values. Importantly, under the 2800 scenario, the average annual duration of inundation increases in all 
zones, except in zone 15 (Figure 4.5) where a small decrease in duration was predicted. Averaging across zones 1 to 
21, the average duration of inundation increases by 4 to 5 days under the 2800 scenario relative to the baseline 
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scenario. Note that these results are determined for the commence-to-flow values in Table 4.6 and will differ if the 
commence-to-flow values are changed.
Caveats
It is important to avoid over-interpretation of the blackwater modelling results. It may not be sensible to compare PDOD 
values between zones because soil carbon and litterfall were not allowed to vary between zones due to a lack of data. In 
reality, vegetation and soil types are expected to differ as the river traverses the landscape from headwater catchments 
in New South Wales and Victoria to the coast in South Australia. The model was configured using data collected in the 
Barmah–Millewa Forest and the best quantitative accuracy is expected in RiM-FIM zones with similar vegetation and soil 
types. However, within a particular zone it is reasonable to compare the results of the different flow scenarios because 
even if the soil carbon and litterfall are not accurately represented, considering the difference between scenarios 
removes most of the bias associated with such inaccuracies.
Results comparing the maximum annual extent of inundation and duration of inundation assume that river discharge is 
instantly propagated across the floodplain. In reality, there will be a time lag associated with filling and draining the 
floodplain. Detailed hydraulic modelling of Koondrook Forest flooding by MDBA (A Keough (MDBA), 2011, pers. comm.) 
indicates that it takes about 10 days for a given flow to spread over the floodplain. Provided the time lag to drain is similar 
to the time lag to fill, then failure to include such time lags in the blackwater model should not have a major impact on the 
area inundated and average inundation duration results.
The blackwater model results may be sensitive to both grid resolution and the discretisation of discharge into 
1000 ML/day classes. For example, 15,999 ML will inundate the same area as 15,000 ML whereas 16,000 ML may 
inundate additional floodplain area. This may introduce a quantising effect in the model output whereas in nature a 
continuous distribution of results would be expected. In very flat terrain, the sensitivity to grid resolution could be greater. 
The sensitivity of the blackwater model to flow discretisation and grid resolution was not examined in this project. 
However, it is doubtful that the input data, both discharge and RiM-FIM maps, are accurate enough to justify much 
concern regarding these issues.
More accurate predictions of the impact of hypoxic blackwater events could be achieved by: (i) integrating the blackwater 
model into a hydraulic transport model; and (ii) including spatially variable litterfall and soil carbon data. The blackwater 
model has been written to easily incorporate spatially variable input data but these data were not available in time for the 
current project. More important, however, is the need to incorporate hydraulic transport into the model. Only then can 
model predictions be confirmed against field observations of dissolved oxygen concentration. Inclusion of transport will 
also allow the impact of the timing of flows from different tributaries to be simulated and facilitate better coordination of 
river operations.
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(a)
(b)
(c)
(d)
Figure 4.3 Number of years during the 114-year simulation period (1895 to 2009) in which the potential dissolved oxygen 
drawdown exceeds the following threshold values for the RiM-FIM zones (as defined in Table 4.6): (a) 2 mg/L, (b) 4 mg/L, 
(c) 6 mg/L, and (d) 8 mg/L
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Figure 4.4 Average annual extent of inundated area (km2) estimated by the blackwater model. The maximum extent of 
inundation for each calendar year has been used to compute the average annual extent over the 114-year simulation period
Figure 4.5 Average annual duration of floodplain inundation (days) predicted by the blackwater model over the 114-year 
simulation period 
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5 Ecosystem services
An important part of this report is quantifying and mapping the biophysical components of ecosystem services and their 
dynamics in relation to freshwater ecosystems. As a first step, it is important to understand which biophysical and cultural 
data and indicators are available to provide a baseline for quantifying the ecosystem services supplied by freshwater 
ecosystems (e.g. wetlands, river channels) in the Murray–Darling Basin. This chapter:
x documents the perception and understanding of ecosystem services amongst the wider community who have 
visited the Basin and who potentially benefit from these services
x proposes indicators that are potentially useful for describing the magnitude and extent of the supply of 
ecosystem services
x provides an initial audit of the supply of ecosystem services from freshwater ecosystems in the Basin using 
the framework from The economics of ecosystems and biodiversity for local and regional policy makers
(TEEB, 2011)
x estimates the incremental changes in the supply of ecosystem services under the 2800 scenario relative to the 
baseline scenario.
Table 5.1 lists the ecosystem services analysed in this chapter and the scale and inputs used to complete the analysis.
5.1 Key findings
5.1.1 What do people understand of ecosystem services?
x A random selection of 503 members of the Australian public who had visited a recreation site in the Basin was 
surveyed about their understanding of ecosystem services.
x Respondents were less familiar with the concept of ecosystem services, but much more familiar with the idea 
of habitat.
x Over 70% of respondents were aware that nature provides them with benefits.
x About 90% of respondents agreed that they have a moral obligation to maintain wilderness areas for future 
generations.
x The most important ecosystem services identified by respondents were fresh water (for drinking) and habitats 
(for species and maintenance of biodiversity). Fresh water for drinking was the service considered to be most 
worth paying for.
x Litter and rubbish, and damage of vegetation, were seen as the most important problems at locations visited 
by respondents. Providing more information was supported by most respondents as an effective approach for 
preventing future degradation.
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Table 5.1 Ecosystem services analysed in this chapter (plum outline), including the methods and models used to estimate 
incremental changes in the supply of ecosystem services. The scale of analysis and the relevant section in the chapter are 
listed 
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5.1.2 Audit of ecosystem services
x A number of Basin Plan regions have high concentrations of ecosystem services supplied by freshwater 
ecosystems:
o provisioning services: Murrumbidgee, Lower-Murray and Mid-Murray regions 
o regulating services: Murrumbidgee, Lachlan and Macquarie–Castlereagh regions
o cultural services: Murrumbidgee, Macquarie–Castlereagh and Lower-Murray regions 
o habitat services: Murrumbidgee, Mid-Murray and Lower-Murray regions.
x A change in water management will most likely change a large number of ecosystem services in those regions
with a high concentration of services.
x Mainly indirect benefits to human wellbeing are provided by the regions in the northern Basin (Warrego, 
Condamine–Balonne and particularly Paroo).
x Some indicators for ecosystem services have been developed for other uses and cannot be readily used to 
indicate changes in supply of ecosystem services under varying management interventions.
x Indicators are proposed that are potentially useful for describing the magnitude and extent of the supply of 
ecosystem services.
5.1.3 Incremental changes in the supply of ecosystem services
x A high proportion of the 2800 GL/year of water will be sourced from the southern Basin where ecosystem 
health is considered poor to very poor, where overallocation is greater relative to the northern Basin, and 
where the largest changes in flow regime are required in order to recover toward natural conditions. Thus
much of the halt or reversal in decline in condition of vegetated floodplains and wetlands – and therefore the 
bulk of the ecosystem service and economic benefits – are likely to occur in the southern Basin, particularly in 
the Murray, Goulburn–Broken and Wimmera–Avoca Basin Plan regions.
x A relatively small proportion of the 2800 GL/year of water will be sourced from the northern Basin where 
ecosystem health is better and overallocation relatively less, resulting in smaller incremental changes in the 
supply of ecosystem services in the northern Basin relative to the southern Basin.
5.2 Introduction
Chapters 3 and 4 quantified the potential ecological and water quality benefits arising from recovering an additional
2800 GL/year of water for the environment. While the benefits quantified in Chapters 3 and 4 relate directly to two 
ecosystem services, habitat and fresh water (respectively), there are other ecosystem services supplied and potentially 
affected by additional environmental water as represented in the 2800 scenario. The change in water management 
arrangements under the 2800 scenario may enhance or erode benefits people receive from ecosystem services in the 
Basin. Yet the spatial extent of ecosystem services and their supply is poorly understood.
Only Reid-Piko et al. (2010) have made any progress toward documenting ecosystem services in the Basin. However, 
the work by Reid-Piko et al. (2010) was limited to: (i) an attempt to identify interdependencies between ecosystem 
services and the major economic activities in the Basin; and (ii) a qualitative assessment of whether ecosystem services 
(and therefore major economic activities) would be compromised following implementation of the Basin Plan’s 
environmentally sustainable level of take approach. While Reid-Piko et al. (2010) completed a valuable exercise, they did 
not quantify the spatially explicit supply of ecosystem services by freshwater ecosystems. This chapter advances the 
work of Reid-Piko et al. (2010) by providing an initial audit of the supply of ecosystem services in the Basin using the 
framework from The economics of ecosystems and biodiversity for local and regional policy makers (TEEB, 2011).
The final section of this chapter provides a quantitative and qualitative assessment of the incremental changes in the 
supply of ecosystem services under the 2800 scenario relative to the baseline scenario. Chapters 3, 4 and 6 quantify the 
incremental changes in a subset of ecosystem services in locations where there exist robust and defensible models and 
data. The assessment in the last section of this chapter complements the detailed quantitative assessments of 
incremental changes reported in Chapters 3, 4 and 6 by providing additional quantitative estimates of the changes in the 
supply of ecosystem services reported in the audit in Section 5.4. Where quantitative estimates are not defensible, 
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qualitative incremental changes are estimated using changes in mean annual flow (ML/year) under the 2800 scenario 
relative to the baseline scenario at selected hydrologic indicator sites for key environmental assets. It is assumed that the 
magnitude of changes in supply of an ecosystem service is high in a Basin Plan region where the supply of the 
ecosystem service is high and the change in mean annual flow is high.
5.3 What do people understand of ecosystem services?
5.3.1 Introduction
The language of ecosystem services has become increasingly prominent in the scientific literature as well as in the wider 
vocabulary associated with sustainability. The increased prominence is especially true in water management 
internationally (Comprehensive Assessment of Water Management in Agriculture, 2007) and in Australia (Norris, 2011; 
Pittock and Finlayson, 2011). For example, the Water Act 2007 (Cwlth) has as its main objectives to ‘protect, restore and 
provide for the ecological values and ecosystem services of the Basin and to promote the use and management of the 
Basin water resources in a way that optimises economic, social and environmental outcomes’. But what do Australians, 
especially users of freshwater ecosystems and hence potential direct beneficiaries of ecosystem services in the Basin, 
know of and understand about the concept of ecosystem services? The UK National Ecosystem Assessment (2011) 
asked a similar question and concluded that the language of ecosystem services was not well understood, but much 
better understood is the idea that ‘nature provides people with things’. This section aims to determine Australians’ level of
understanding of ecosystem services – and especially the level of understanding of those that have experienced the 
Basin.
5.3.2 Survey methodology
A survey was designed to assess the perceived importance of benefits and services provided by the natural environment 
in the Basin. It aimed to capture the current level of public understanding and attitudes towards the variety of benefits 
and services nature provides. It also intended to cover recreationalists’ opinions about the management of wilderness 
areas. 
The survey was administered to the wider Australian public via an online survey. The respondents to the online survey 
were selected from the general public through a random selection of users of the Basin. Prior to its release, the survey 
was piloted on two focus groups. Participants of the focus groups were selected in a way that the groups incorporated 
different demographics, consisting of 10 participants each with a wide distribution of age, gender, education and income 
level. The aim of the focus group discussions was to evaluate if the survey could retrieve the desired information with 
optimum clarity to all respondents. During the focus group, participants filled out the survey individually and then 
participated in a facilitated discussion of the content and clarity of each question. The survey was amended based on the 
focus group discussion. 
After having been given clearance by CSIRO social science human research ethics committee, the survey was posted 
online using Pureprofile, an experienced research consultancy firm that conducts online market research. The target 
group was the general public, while the main criteria of recruitment was that a participant should be a minimum age of 
18, and should have been to any recreational site in the Basin at least once. Pureprofile recruited respondents from the 
company’s membership database who are public members volunteering to participate in research. The survey was 
launched on 15 September 2011 and was completed on 25 September 2011.
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5.3.3 Online survey results
A total of 503 members of the general public participated in the survey distributed equally across the Basin states. A total 
of 125 survey respondents were from South Australia, 125 from Victoria, 128 from New South Wales and the Australian 
Capital Territory, and 125 from Queensland. The research sample involved 268 male and 235 female respondents and a 
relatively even distribution of age and education level.
The concept of ecosystem services and related issues in the Murray–Darling Basin
Figure 5.1 shows the familiarity of respondents with three environmental concepts: ‘habitat’, ‘ecosystem services’ and 
‘biodiversity’. The concept ‘habitat’ seems to be the most known with approximately 50% of the respondents stating they 
are extremely familiar with and only about 2% indicating that they are not at all familiar with the concept. ‘Ecosystem 
services’ is the concept that least respondents are extremely familiar with, only around 20%. In addition, nearly 10% of 
the respondents were not at all familiar with the concept. Approximately 40% of the respondents declared that they were 
moderately familiar with all the three concepts.
Figure 5.2 demonstrates that people have a strong awareness of nature providing them with benefits, with a total of 
about 70% of respondents being either moderately aware or extremely aware that nature provides them with benefits.
Figure 5.3 shows the public attitude towards four statements related with environmental management. Overall, it should 
be noted that respondents are clearly in favour of management options that are beneficial for nature and recognise that 
they can play an active role in shaping them. As such, in three out of four statements this can be clearly identified. Of all
respondents, 60% disagreed with the statement that the problems of drought and climate change cannot be helped. Only 
about 20% stated that they agreed to this statement. Moreover, 90% of respondents agreed that they have a moral 
obligation to maintain wilderness areas for future generations. The percentage of respondents that disagreed was close 
to 3%. Close to 80% disagreed with the statement that management of nature is not beneficial for respondents, whereas 
only about 10% agreed. When it comes to the costs of conserving conservation sites, respondents were more divided 
about the statement: 45% agreed and around 25% disagreed. Additionally, the percentage of undecided respondents 
that neither agreed nor disagreed was the highest for all four statements, with about 30%.
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Figure 5.1 Survey results for the question: ‘how familiar are you with the following terms?’
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Figure 5.2 Survey results for the question: ‘have you ever thought of nature in regards to the benefits and services outlined? 
Please state your level of awareness prior the survey’
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Figure 5.3 Survey results for the question: ‘which of the following statements comes closest to your opinion?’
Visitation patterns and public awareness of hydrologic indicator sites for key environmental 
assets
Figure 5.4 indicates the 18 hydrological indicator sites for key environmental assets and the percentage of respondents 
that have respectively: visited the site, have driven by this location, heard of the location but haven’t visited, and that 
never visited nor heard of it. The Coorong, Lower Lakes, and Murray Mouth is the site that has been visited by the most 
respondents, with a total of about 36%. The two sites with the next highest amount of respondents stating that they have 
visited the site are the Lower Goulburn River Floodplain and the Lower Darling River System, with roughly 20% each. 
The least visited site is the Great Cumbung Swamp. The percentage of respondents indicating that they have driven by 
the location is not very different from the percentage of respondents that actually visited the location, except for the 
Coorong, Lower Lakes, and Murray Mouth. On average more than 50% – and for half of the sites, about 60% of the 
respondents – stated that they had never visited nor heard about the sites. The percentage of respondents that heard of 
the location but did not visit constitutes the second highest percentage, with an average between about 20 and 30%. The 
sites where more respondents ‘heard of the location but haven’t visited’ compared to ‘never visited nor heard of’ were the 
Coorong, Lower Lakes, and Murray Mouth; the Lower Darling River System; Lower Murrumbidgee River Floodplain; 
Mid-Murrumbidgee River Wetlands; and the Lower Goulburn River Floodplain.
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Figure 5.4 Survey results for the question: ‘the following are conservation sites in the Murray–Darling Basin designated for 
protection for their environmental value. Please tick those statements you find to be true for each site’
Which ecosystem services and benefits are important?
Importance of ecosystem services was assessed using Likert scales (Likert, 1932) where each ecosystem service was 
assigned a certain level of importance. This method indicates the absolute importance attached to individual ecosystem 
service. Fresh water for drinking, habitats for species, and maintenance of biodiversity were given the importance scale 
of ‘extremely important’ by more than 60% of the respondents (Figure 5.5).
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Figure 5.5 Survey results for the question: ‘please list the relative importance of each ecosystem service from extremely 
important to not important (Likert scale)’
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The ecosystem services were presented to respondents in order to determine those considered worth paying for
(Figure 5.6). Provisioning services were the highest rated in terms of willingness to pay, including fresh water for drinking 
and other domestic use (72.6%), water for irrigation (54.5%), and medicinal resources (44.9%). The results also indicate 
a high percentage of the sample population are willing to pay for various regulating services such as wastewater 
treatment, erosion prevention and carbon sequestration. Willingness to pay for amenity services, including tourism and 
recreation, was also high while it was lowest for aesthetic, inspirational and spiritual experience services provided by 
these ecosystems.
The views and perceptions of people who completed the survey
‘My experience of nature and its effect on me’ emerged as the leading factor in the feelings respondents have for nature 
(Figure 5.7). Second to this were childhood experiences and family values (64.2%) followed closely by education 
(57.9%). Film, books and media outlets also played a major role in influencing the interest of the population in natural 
areas within the Basin, while local environmental organisations had the least influence, although still more than 30% of 
respondents did state they were influenced by this category.
Understanding the intention of respondents’ visits provides a picture of what visitors were expecting to gain from their 
recreation in the Basin. Figure 5.8 illustrates that landscape scenery and wildlife, selected by over 90% of respondents, 
is the most important factor that influences visits to the Basin. Relaxation, mental rest, privacy and nature activities were 
also rated as highly desirable purposes for visiting the Basin. This is evidenced by the selection of all three factors by 
more than 70% respondents, while neutrality concerning the same factors was less than 20%. The least important 
factors were visits for physical exercise and learning from nature (cultural experience), as more than 40% of respondents 
were neutral.
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Figure 5.6 Survey results for the question: ‘which services and benefits are worth paying for?’
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Figure 5.7 Survey results for the question: ‘which of the following has/have an effect on how you feel about nature?’
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Figure 5.8 Survey results for the question: ‘how important were the following for you to visit the Murray–Darling Basin?’
Figure 5.9 illustrates that educating the public and creating awareness on environmental management requirements is 
the most favoured approach to ensuring conservation and management of the important sites in Basin, according to 
survey respondents. The enforcement of regulations is also considered highly effective as selected by the second largest 
percentage of respondents (Figure 5.9). An increase in taxes spent to pay for investments in protection of the areas is 
opposed by 10% of respondents, which is the highest value recorded out of the options provided. This approach is also 
the least favoured and also ranked highest in neutrality to the approaches proposed. However, more than 60% of 
respondents were still in favour of spending more taxes. The results from the survey indicate that litter and rubbish are 
the most prominent impact of recreation in wilderness areas of the Basin, while four-wheel driving and fishing protected 
species were indicated by 35% of respondents (Figure 5.10).
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Figure 5.9 Survey results for the question: ‘how effective would the following approaches be in ensuring the future of these 
areas?’
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Figure 5.10 Survey results for the question: ‘how do you view these problems in the places you visited in the Murray–Darling 
Basin?’
5.3.4 Discussion
The survey of the wider public’s perception and understanding of ecosystem services has revealed some interesting 
findings:
x Respondents were less familiar with the concept of ecosystem services, but much more familiar with the idea 
of habitat.
x Over 70% of respondents were aware that nature provides them with benefits.
x About 90% of respondents agreed that they have a moral obligation to maintain wilderness areas for future 
generations.
x Over 35% of respondents had visited the Coorong, Lower Lakes, and Murray Mouth, almost double the rate of 
any other of the 18 hydrological indicator sites.
x The most important ecosystem services identified by respondents were fresh water (for drinking) and habitats 
(for species and maintenance of biodiversity). Fresh water for drinking was the service considered to be most 
worth paying for.
x Litter and rubbish, and damage of vegetation, are seen as the most important problems at locations visited by 
respondents. Providing more information is supported by most respondents as an effective approach for 
preventing future degradation.
It is important to realise that respondents, while drawn randomly from the wider Australian community, were required to 
have visited the Basin. Therefore, the results here are unlikely to reflect those of all Australians. However, the stipulation 
that respondents have visited the Basin was intended to capture people who are most likely to benefit from improved 
environmental health, and therefore enhanced supply of ecosystem services: in other words, the direct beneficiaries.
5.4 Audit of ecosystem services
An audit of ecosystem services that are supplied by freshwater ecosystems in the Basin requires an examination of the 
various indicators that are available for describing and quantifying services. This section introduces the role of indicators 
and then presents various indicators that are potentially useful for describing the magnitude and extent of the supply of 
ecosystem services. The section finishes with a series of maps and an overview table that present data associated with 
indicators for ecosystem services for each region in the Basin.
This audit provides a first cut of the magnitude of supply of the main ecosystem services associated with freshwater 
ecosystems. The impacts of policy changes (such as recovering 2800 GL/year of water for the environment) will be felt 
primarily by freshwater ecosystems, so it is critical to the benefit work to know which services are generated by those
ecosystems. Quantifying the supply of ecosystem services is the first step in the valuation process.
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5.4.1 Indicators
Indicators are variables that present information of interest or relevance to decision makers, and they have a logical 
connection to the object or the process being measured (Elmqvist et al., 2010). Indicators mainly serve three purposes:
x tracking performance
x monitoring consequences of alternative policies 
x scientific exploration (Failing and Gregory, 2003).
There are multiple ways to classify indicators. A summary or composite indicator is derived from aggregating a set of 
single indicators (Kulig et al., 2010). In a biological context, for example, the Index of Biotic Integrity is such an example 
(Karr, 1991). When constructed carefully and interpreted cautiously, composite indicators can deliver a concise and 
compelling message. However, they will inevitably mask some important details that can be reflected by a set of single 
indicators (Failing and Gregory, 2003). As a composite indicator, gross national product is often applied to track a 
nation’s economic activity over time. Yet trade-offs among different economic sectors are hidden behind the single 
measure and gross national product is sometimes misinterpreted as an indicator of social welfare. 
In the ecosystem services literature, researchers also differentiate ‘flow indicators’ and ‘stock indicators’ (de Groot et al., 
2010). The former reflects the benefits that people actually receive from ecosystems, and the latter signals the capacity 
of the ecosystems to deliver the benefits. For the service of water provisioning, total amount of water in a certain area is 
an example of stock indicator; the maximum amount of sustainable water extraction, on the other hand, is the 
corresponding flow indicator. 
5.4.2 State of knowledge
Indicators have mainly been developed to assess the condition or monitor the trend of sustainability (Hezri and Dovers, 
2006) and biodiversity (European Environment Agency, 2007). The work on developing ecosystem services indicators is 
still in its infancy (Layke, 2009) yet there are important lessons to be learned from existing literature. 
The most pertinent lesson is that indicators should be designed with their primary role in mind (Reyers et al., 2010), that 
is, the design of indicators should differ for different purposes and audiences (Mace and Baillie, 2007). Therefore, it will 
be important, where possible, to avoid relying too much on indicators developed for different purposes and contexts. 
The second lesson could be summarised as ‘small is beautiful’. Existing efforts on developing sustainability indicators
were criticised on the grounds of generating long ‘laundry lists’ of variables that lack an ecosystem-based perspective 
(Gustavson et al., 1999). For the purpose of enhancing general public understanding, it would be useful to develop a 
smaller set of indicators and to clarify their meaning and interrelationships (Mace and Baillie, 2007; Orians and 
Policansky, 2009). Recognising this, the United Kingdom has developed the ‘quality of life barometer’ (Hall, 2007).
Lastly, when selecting ecosystem services indicators, it is important to apply an interdisciplinary approach so that a 
broader range of services can be assessed and monitored than a single discipline can possibly address. While 
biophysical measures may describe the capacity of an ecosystem to provide services, they reflect nothing about the 
actual delivery and the scarcity of the services. In contrast, economic measures often fail to provide a comprehensive 
accounting because most ecosystem services are non-market public goods (Wainger et al., 2001).
5.4.3 Design principles 
Indicators for ecosystem services track and communicate the importance of ecosystems in supporting human wellbeing. 
In doing so, they provide decision makers with information to make decisions that will maintain ecosystem health and 
reverse current trends of ecosystem degradation (World Resources Institute, 2011). The purpose of the indicator work in 
this chapter is to identify a set of indicators that can document the magnitude of the ecosystem services provided in the 
Basin Plan regions. The set of indicators was not designed to be comprehensive, but to provide a first set, based on 
available data, to describe the baseline supply of ecosystem services that may be affected by water management 
changes arising from a sustainable diversion limit (SDL).
The resultant set of indicators can be used to monitor the trend of the supply of ecosystem services over time, but most 
importantly for the present project, the indicators can be used to quantify changes in the supply of ecosystem services
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and trade-offs resulting from different management interventions such as that represented in the 2800 scenario. In 
particular, four main design principles have guided this indicator work:
x Ensure the potential to be linked to biophysical (hydrologic and ecological) and/or process models. The 
outcomes of a management intervention need to be quantified by models and then related back to indicators.
x Focus on condition and trends. Indicators were selected that describe important characteristics and trends, 
rather than identifying the causes or cures for problems.
x Be relevant to policy issues. Information presented by indicators needs to be relevant to – and relatively easily 
accessed by – decision makers. To this end, the indicators are designed to provide a ‘big picture’ view that is 
succinct rather than exhaustive.
x Where possible, report only data that meet high standards for quality and coverage across the whole Basin. 
The results of this indicator work are based on the most current scientific knowledge about the Basin. Where 
available data fail to meet the quality or coverage criteria, they are still reported here but identified as low 
quality. The low quality data provide argument for further research and data collection.
5.4.4 Methods: input data and categorisation
This section describes the input data for each indicator (Table 5.2). Given the design principles, it was not possible to 
identify indicators for some ecosystem services due to absence of data or very poor relationship between the service and 
the ability of water policy decisions to influence the supply of the service. The quality of data used to represent the 
various indicators is mixed (Table 5.3). The ability of the data to convey information is also variable (Table 5.3). Some 
data are of high quality because they come from a trusted source, have a long lineage and history of collection and 
update, and have associated metadata that is comprehensive and clearly articulated. On the other hand, some datasets 
are of low quality because they are draft and experimental, of low resolution, and have poor metadata.
Table 5.3 also includes a preliminary assessment of each indicator’s capacity to support policy, measured by the ‘ability 
to convey information’ about ecosystem services. A subjective rating of ‘high’, ‘medium’ or ‘low’ was assigned to show 
each indicator’s capacity to summarise the characteristics of an ecosystem service at multiple spatial and temporal 
scales and communicate these characteristics to non-technical policymakers. An indicator with high capacity to convey 
information is intuitive, sensitive and well-accepted (Layke, 2009).
To estimate the magnitude of supply of each ecosystem service across the Basin Plan regions, each indicator was 
grouped into three classes of magnitude of supply using a method based on the Jenks’ Natural Breaks algorithm. 
This algorithm identifies class breaks that best group similar values and that maximise the differences between 
classes (ESRI, 2011). The Jenks’ Natural Breaks algorithm identifies the actual breaks observed in the data as opposed 
to some arbitrary classificatory scheme (i.e. equal interval). Doing this preserves the actual clustering of data values 
subject to the arbitrary specification of k classes, and in the present case k = 3. These classes were designated ‘low’, 
‘medium’ and ‘high’. Gaps between classes exist because there are no data values in those ranges. The regions used 
were those used in the Guide to the Basin Plan (MDBA, 2010) with the Murray region split into upper, middle and lower 
regions (Figure 1.1). The lower section encompasses the Murray region west of the confluence with the Murrumbidgee. 
The upper section includes the Murray region east of Albury.
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Table 5.2 Input data and methodology for indicators of ecosystem services
Ecosystem services Indicators Definition (unit) Existing datasets that this indicator is based on
Provisioning services
Food and fibre
Floodplain grazing Percentage of area of floodplain used for grazing (percent)
BRS (2010),
MDBC (2000)
Gross value of 
irrigated agricultural 
production
Mean gross value of irrigated agricultural 
production value from 2000–01 to 2008–
09 (AU$ million)
ABS (2010a)
Fresh water Agricultural water use Mean irrigated agricultural water use from 2007–08 to 2009–10 (ML/year)
ABS (2009, 2010b, 2011),
BRS (2010)
Raw materials (no data)
Genetic materials (no data)
Regulating services
Climate regulation and air 
quality (no data)
Carbon sequestration Carbon storage capacity
Relative standing carbon stock (tonnes of 
carbon/ha)
Polglase et al. (2008),
BRS (2008),
DEWR (2006)
Wastewater treatment Wetland vegetation Area of vegetated wetland (ha) DEWHA (2008)
Erosion prevention and 
maintenance of soil 
fertility
Vegetated floodplain Percentage of total area of floodplain wetlands with native vegetation (percent)
BRS (2008),
DEWR (2006),
MDBC (2000)
Moderation of extreme 
events Native vegetation
Percentage of total area of region with native 
vegetation (percent)
BRS (2008),
DEWR (2006)
Pollination (no data)
Biological control (no data)
Cultural services
Spiritual and sense of 
place
Wetland with historical 
or cultural significance
Total area of wetlands with outstanding 
historical or cultural significance (ha) GA (2006)
Recreational and mental 
health
Recreational 
opportunity Total number of recreational areas GA (2006)
Aesthetic appreciation 
and cultural inspiration
Residential properties 
near the river
Total number of residences within 1.5 km of a 
major river PSMA (2011)
Tourism Average annual visitor nights
Annual overnight stays by visitors, averaged 
from 2003 to 2010 TRA (2011)
Habitat services
Nursery Vegetated floodplain Percentage of total area of floodplain wetlands with native vegetation (percent)
BRS (2008),
DEWR (2006),
MDBC (2000)
Genetic diversity Wetland species counts
Number of unique species in wetlands and 
floodplains (all species and birds)
CSIRO (2010),
Birds Australia (2010)
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Table 5.3 Evaluations of data quality and ability to convey information for each indicator
Indicators Data quality Ability to convey information
Floodplain grazing medium high
Gross value of irrigated agricultural production high high
Agricultural water use low high
Carbon storage capacity medium medium
Wetland vegetation medium medium
Vegetated floodplain medium medium
Native vegetation medium medium
Wetland with historical or cultural significance low high
Recreational opportunity medium high
Residential properties near the river high high
Average annual visitor nights medium high
Wetland species counts medium medium
5.4.5 Results: provisioning services
Ecosystem service: food and fibre
Indicator: floodplain grazing
Grazing land was defined by the landuse dataset for 2005–06 (BRS, 2010) and floodplain wetlands were defined by the 
dataset Wetlands GIS of the Murray–Darling Basin Series 2.0 (MDBC, 2000). The percentage of the area of floodplain 
that was used for grazing was then calculated.
Class
Percentage of area 
of floodplain used 
for grazing
percent
Low 0.03–7.28%
Medium 14.95–18.23%
High 33.89–65.11%
Figure 5.11 The percentage of the area of floodplain that was used for grazing
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Indicator: gross value of irrigated agricultural production
The Australian Bureau of Statistics 4610.0.55.008 – Experimental Estimates of the Gross Value of Irrigated Agricultural 
Production, 2000–01 – 2008–09 (ABS, 2010a) provides estimates of the gross value of irrigated agricultural production
(GVIAP) for natural resource management (NRM) regions. The mean GVIAP by NRM region was translated to mean 
GVIAP by Basin Plan region using ratios of irrigation area between each set of regions. Irrigated area was defined by the 
landuse dataset for 2005–06 (BRS, 2010).
Class
Mean gross value of 
irrigated agricultural 
production, from 2000–01 to 
2008–09
AU$ million
Low $0–106
Medium $149–378
High $577–890
Figure 5.12 Gross value of irrigated agricultural production
Ecosystem service: fresh water
Indicator: agricultural water use
The Australian Bureau of Statistics series 4618.0 – Water Use on Australian Farms (ABS, 2009, 2010b, 2011) provides 
estimates of irrigated water use for NRM regions. Water use by NRM region was translated to water use by Basin Plan 
region using ratios of irrigation area between each set of regions. Irrigated area was defined by the landuse dataset for 
2005–06 (BRS, 2010).
Class
Mean irrigated agricultural 
water use from 2007–08 to 
2009–10
GL/year
Low 0–115
Medium 144–300
High 397–550
Figure 5.13 Mean irrigated agricultural water use
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5.4.6 Results: regulating services
Ecosystem service: carbon sequestration
Indicator: carbon storage capacity
The total standing carbon stock was estimated using the carbon sequestration rate for ‘mixed environmental plantings’ 
generated using the 3-PG2 spatial model (Polglase et al., 2008). This represents the expected rate of carbon 
sequestration at each location across Australia for 1 km grid cells and is based on a 20-year growth/commitment period 
with stocking rate of 1000 stems per hectare with a declining yield factor. A growth function derived multiplier of 1.842 
was used to extend the growth period to 70 years. It was assumed that mixed environmental plantings take 70 years to 
mature and provide the amount of carbon contained in the above- and below-ground biomass. The area of native 
vegetation was defined by integrating forest (BRS, 2008) and present vegetation sub-groups (DEWR, 2006) datasets. 
The total carbon stock of native vegetation within floodplain wetlands was summed for each region using a zonal 
statistics operation. This regional sum was divided by the area of floodplain wetlands to arrive at a relative standing stock
of carbon.
Class Relative standing carbon stock
tonnes of carbon/ha
Low 5–16
Medium 26–44
High 71–144
Figure 5.14 Relative standing stock of carbon
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Ecosystem service: wastewater treatment
Indicator: wetland vegetation
The Directory of Important Wetlands in Australia (DIWA) Spatial Database (DEWHA, 2008) provides a classification of 
wetland type. Vegetated wetland types which were assumed to provide wastewater treatment were:
x B4 – Riverine floodplains; includes river flats, flooded river basins, seasonally flooded grassland, savanna and 
palm savanna 
x B9 – Permanent freshwater ponds (< 8 ha), marshes and swamps on inorganic soils; with emergent 
vegetation waterlogged for at least most of the growing season 
x B10 – Seasonal/intermittent freshwater ponds and marshes on inorganic soils; includes sloughs, potholes; 
seasonally flooded meadows, sedge marshes
x B11 – Permanent saline/brackish marshes 
x B12 – Seasonal saline marshes 
x B13 – Shrub swamps; shrub-dominated freshwater marsh, shrub carr, alder thicket on inorganic soils 
x B14 – Freshwater swamp forest; seasonally flooded forest, wooded swamps; on inorganic soils 
x B15 – Peatlands; forest, shrub or open bogs 
The area of these wetlands was summed for each region.
Class Area of vegetated wetland
ha
Low 0–28,265
Medium 65,907–114,331
High 195,079–218,604
Figure 5.15 Area of vegetated wetland
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Ecosystem service: erosion prevention and maintenance of soil fertility
Indicator: vegetated floodplain
The area of native vegetation was defined by integrating forest (BRS, 2008) and present vegetation sub-groups (DEWR,
2006) datasets. Floodplain wetlands were defined by the dataset Wetlands GIS of the Murray–Darling Basin Series 2.0
(MDBC, 2000). The percentage of total area of floodplain wetlands that contain native vegetation was calculated.
Class
Percentage of total area of 
floodplain wetlands with 
native vegetation
percent
Low 6.5–36.6%
Medium 50.1–74.2%
High 78.9–99.1%
Figure 5.16 Percentage of total area of floodplain wetlands with native vegetation
Ecosystem service: moderation of extreme events
Indicator: native vegetation
The area of native vegetation was defined by integrating forest (BRS, 2008) and present vegetation sub-groups (DEWR,
2006) datasets. The vegetated area was summed for each region using a zonal statistics operation. The percentage of 
the total area of the region that contains native vegetation was then calculated.
Class
Percentage of total area of 
region with native 
vegetation
percent
Low 9–37%
Medium 43–70%
High 87–100%
Figure 5.17 Total area of region with native vegetation
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5.4.7 Results: cultural services
Ecosystem service: spiritual and sense of place
Indicator: wetland with historical or cultural significance
The Directory of Important Wetlands in Australia (DIWA) Spatial Database (DEWHA, 2008) provides criteria by which 
importance was defined. The criteria code 6 (The wetland is of outstanding historical or cultural significance) was taken 
as representing wetlands with ‘spiritual and sense of place’ importance and the area of these wetlands was summed for 
each region.
Class
Total area of wetlands with 
outstanding historical or 
cultural significance
ha
Low 0–13,074
Medium 22,855–49,828
High 139,554–176,321
Figure 5.18 Total area of wetlands with outstanding historical or cultural significance
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Ecosystem service: recreational and mental health
Indicator: recreational opportunity
The number of recreation areas, as defined by the GEODATA TOPO 250K Series 3 recreation area dataset within the 
habitation theme (GA, 2006), was counted for each region.
Class Total number of recreational areas
Low 1–34
Medium 40–72
High 85–120
Figure 5.19 Total number of recreational areas
Ecosystem service: aesthetic appreciation and cultural inspiration
Indicator: residential properties near the river
The number of residences within 1.5 km of a major river was calculated for each region. Residences were defined by the 
geo-coded national address file dataset (PSMA, 2011). Major rivers were defined by the Australian Hydrological 
Geospatial Fabric Mapped Stream dataset (BoM, 2010).
Class
Total number of residences 
within 1.5 km of a major 
river
Low 173–6,636
Medium 8,686–17,594
High 22,190–47,052
Figure 5.20 Total number of residences within 1.5km of a major river
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Ecosystem service: tourism
Indicator: average annual visitor nights
Survey data of visitor nights (TRA, 2011) was used to calculate the annual average visitor nights for statistical local areas 
that intersect with the Basin. The visitor nights by statistical local area was translated to visitor nights by Basin Plan 
region using ratios of area between each set of regions. The statistical local area ‘City (Canberra)’ was excluded from the 
calculations as it had a much large annual average visitor nights compared to others in the Basin and is the only capital 
city in the Basin.
Class
Annual overnight stays by 
visitors, averaged from 
2003 to 2010
Low 83,000–775,000
Medium 1,162,000–2,485,000
High 2,807,000–5,277,000
Figure 5.21 Average annual overnight stays by visitors
5.4.8 Results: habitat services
Ecosystem service: nursery
Indicator: vegetated floodplain
The area of native vegetation was defined by integrating forest (BRS, 2008) and present vegetation sub-groups (DEWR,
2006) datasets. Floodplain wetlands were defined by the dataset Wetlands GIS of the Murray–Darling Basin Series 2.0
(MDBC, 2000). The percentage of total area of floodplain wetlands that contain native vegetation was calculated.
Class
Percentage of total area of 
floodplain wetlands with 
native vegetation
percent
Low 6.5–36.6%
Medium 50.1–74.2%
High 78.9–99.1%
Figure 5.22 Percentage of total area of floodplain wetlands with native vegetation 
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Ecosystem service: genetic diversity
Indicator: wetland species counts
The non-bird record of species from the Atlas of Living Australia (CSIRO, 2010) database was combined with the Birds of 
Australia (2010) record of species to estimate wetland species counts. Counts of unique species in floodplain and 
wetlands and within 500 m of the floodplain wetlands were summed by region.
Class Number of unique species in wetlands and floodplains
all species
Low 63–471
Medium 582–919
High 1,076–1,446
Figure 5.23 Number of unique species in wetlands and floodplains
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5.4.9 Discussion
The magnitude of the supply of ecosystem services in each Basin Plan region is summarised in Table 5.4.
The collection of natural capital spatial data and related indicators is a first attempt at documenting the extent and 
magnitude of the supply of ecosystem services by freshwater ecosystems in the Basin. A small amount of social and 
cultural data has also been compiled to account for the cultural group of ecosystem services, but a substantial gap exists 
in reliable data and indicators for these services. The data and analysis are summarised and relevant only at broad 
landscape scales, yet the information arguably provides a valuable overview and summary of where ecosystem services 
are supplied across the Basin.
Some regions have a high concentration of ecosystems services. These types of regions have been termed ‘ecosystem 
service bundles’ in the United States (Raudsepp-Hearne et al., 2010) or ‘multifunctional landscapes’ in Europe (Willemen 
et al., 2010). The Murrumbidgee, Lower-Murray and Mid-Murray regions have a high concentration of provisioning 
services, while the Murrumbidgee, Lachlan and Macquarie–Castlereagh regions have a high concentration of regulating 
services. The Murrumbidgee, Macquarie–Castlereagh and Lower-Murray regions have a high concentration of cultural 
services. The Murrumbidgee, Mid-Murray and Lower-Murray regions have a high concentration of habitat services. The 
results suggest that any change in water management will most likely cause a change in a large number of services in 
these regions (de Groot et al., 2010). Therefore, a systematic account of the relationship between ecosystem 
management and the multiple ecosystem services it affects is needed in order to make better decisions regarding 
trade-offs. The ecosystem services indicator work as documented here is a starting point for such an integrative 
accounting process. 
The regions in the upper Basin (Warrego, Condamine–Balonne and particularly the Paroo) mainly provide indirect 
benefits to human wellbeing. Although the Paroo scored low for cultural and provisioning services, the region scored high 
for both regulating and habitat services. Regulating and habitat services are the least valued in the literature (Liu et al.,
2010), so they are mostly likely to be under-appreciated providing a challenge to the Murray–Darling Basin Authority in 
raising awareness of the importance and value of these locations.
The indicators reported here provide a first cut at quantifying the magnitude of supply of ecosystem services and provide 
the base for future indicator development in the Basin. Candidate indicators were selected based on two existing 
comprehensive frameworks (de Groot et al., 2010; Millennium Ecosystem Assessment, 2005). However, during this 
process several knowledge gaps were identified. Several ecosystem service indicators have either poor or absent data 
and therefore were excluded. Indicators could not be identified for the ecosystem services of raw materials, genetic 
materials, climate regulation and air quality, pollination and biological control (Table 5.2). From Table 1.1 it is evident that 
freshwater ecosystems do not supply some of these services or supply them in very low and insignificant ways.
Most ecosystem services indicators used here and elsewhere have been adopted directly from ecology, agriculture, 
forestry and fisheries domains and have not been developed specifically for use in measuring change in supply of 
ecosystem services. The use of diverse existing indicators provides a starting point and may be a necessary compromise 
in the short run. However, relying on indicators that were developed for other disciplines and purposes is only an interim 
strategy, because they do not provide sufficient depth to effectively communicate the outcome of a management change 
on the supply of ecosystem services. For example, the vegetation cover in wetlands and floodplains provides only proxy 
indicators for the wastewater treatment and erosion prevention services. More relevant indicators that indicate change in 
ecosystem service supply under varying management interventions are required. While they may be available at some 
locations or at small scales, these direct indicators need to be developed Basin-wide to inform management decisions 
that are being made at Basin scale.
Finally, the results presented in Table 5.4 are independent of the demand for each of the ecosystem services listed in the 
table. Understanding the demand for each service in each region, for example the demand for fresh water in the Paroo or 
the demand for carbon sequestration in the Macquarie–Castlereagh, would be a major scientific advance in the field of 
ecosystem services research. By identifying actual demand, the supply of ecosystem services presented here moves 
from potential supply to actual supply. As an example, the moderation of extreme events by floodplain vegetation only 
becomes a service to people when an extreme event occurs and when there are people who are impacted by the 
extreme event.
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Table 5.4 Relative magnitude of ecosystem services supplied in the Basin Plan regions in the Murray–Darling Basin
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Provisioning services
Food and fibre
Floodplain grazing
Gross value of irrigated 
agricultural production
Fresh water Agricultural water use
Regulating services
Carbon sequestration Carbon storage capacity
Wastewater 
treatment Wetland vegetation
Erosion prevention 
and maintenance of 
soil fertility
Vegetated floodplain
Moderation of 
extreme events Native vegetation
Cultural services
Spiritual and sense of 
place
Wetland with historical or 
cultural significance
Recreational and 
mental health Recreational opportunity
Aesthetic 
appreciation and 
cultural inspiration 
Residential properties 
near the river 
Tourism Average annual visitor nights
Habitat services
Nursery Wetland habitat
Genetic diversity Wetland species counts (all species)
Low ‘Low’, ‘medium’ and ‘high’ classes were defined using a method based on the Jenks' Natural Breaks algorithm 
(ESRI, 2011); see Section 5.4.4 for more details.MediumHigh
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5.5 Estimating incremental changes in the supply of ecosystem 
services
An incremental change in the supply of an ecosystem service is the difference in the supply of an ecosystem service 
under the 2800 scenario relative to the baseline scenario. Quantifying these incremental changes requires robust models 
that can estimate the supply of each ecosystem service under each of the flow scenarios. Chapter 3 and Chapter 4 
quantify incremental changes in the supply of a subset of ecosystem services in selected Basin Plan regions where 
reliable and defensible models and data exist, namely for the ecosystem services of: 
x habitat (Chapter 3) 
x fresh water (Chapter 4). 
Incremental changes in the supply of the following other ecosystem services are calculated in Chapter 6: 
x food and fibre (fishing) (Section 6.3.2) 
x moderation of extreme events (Section 6.7) 
x aesthetic appreciation and cultural inspiration (Section 6.8) 
x tourism (Section 6.9). 
Section 5.5 provides both quantitative and qualitative estimates of the incremental changes in ecosystem services that 
are reported in the audit (Section 5.4). Quantitative incremental changes are provided in Section 5.5.1 for the following 
ecosystem services:
x food and fibre (gross value of irrigated agricultural production)
x fresh water (agricultural water use)
x carbon sequestration
x erosion prevention and maintenance of soil fertility
x nursery.
Qualitative estimates (Section 5.5.2) for the remaining ecosystem services are provided where quantitative estimates are 
not defensible. 
5.5.1 Quantitative incremental changes
Food and fibre; Fresh water
In Section 5.4, the supply of the ecosystem services of food and fibre and fresh water is estimated using two indicators: 
the gross value of irrigated agricultural production (AU$ million) and agricultural water use (GL/year), respectively.
ABARES (2011) used these same indicators to estimate the long-run impacts on irrigated agriculture under a number of 
scenarios in which 2800 GL/year of water are recovered for the environment. Both indicators are calculated at the scale 
of Basin Plan regions and are used here to estimate the incremental changes in the supply of ecosystem services of food 
and fibre and fresh water (Table 5.5). The change in the gross value of irrigated agricultural production used here is the 
same as that reported in scenario 3 of ABARES (2011), which incorporates the water buyback and the infrastructure 
improvement investments under the Australian Government’s Water for the Future initiative, and accounts for 
interregional trade.
Carbon sequestration
In Chapter 3, the changes in inundation extent are modelled along the River Murray floodplain for various average 
recurrence intervals (ARIs) for two tree-based floodplain vegetation communities: (i) river red gum forest and woodlands, 
and (ii) black box woodlands. The assumption is that floodplain vegetation that receives increased flooding inundation, 
and maintains a healthy condition, will hold its carbon stocks. In contrast, vegetation that does not receive sufficient 
inundation to maintain health, and therefore is in decline over the long term, will over time release the carbon stored in its 
woody material through death and decay.
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To estimate the amount of increased carbon sequestered by these vegetation communities, inundation extent and 
intervals were first related to healthy areal extent (for river red gum communities, the areal increase under an ARI of 
1-in-2 years and for black box the areal increase under an ARI of 1-in-5 years). For the River Murray floodplain (and 
hence the Basin Plan region), the areal increase in ARI under the 2800 scenario relative to the baseline scenario was 
taken directly from Table 3.3. For the remaining Basin Plan regions, the areal increase under the 2800 scenario relative 
to the baseline scenario was extrapolated using the relationship between peak flow (ML/day) and inundation established 
for the Murray region in Chapter 3. Under the without-development scenario, the peak flow for an ARI of 1-in-2 years and 
1-in-5 years is estimated by RiM-FIM to inundate a certain proportion of the mapped river red gum and black box 
vegetated floodplain (Table 3.3). The proportion of the floodplain inundated under the without-development scenario in 
the Murray region is then assumed to be consistent in the other Basin Plan regions. The percentage changes in peak 
flow volumes for the two ARIs under the 2800 and baseline scenarios relative to the without-development scenario were 
calculated for selected gauges in each region and the further assumption was made that the change in peak flow is 
linearly correlated to the change in area of inundation. The areal change in inundation for ARIs of 1-in-2 years and 
1-in-5 years under the 2800 scenario relative to the baseline scenario was then calculated for Basin Plan regions
containing sufficient floodplain, river red gum and black box spatial data.
Then, for each of the two tree-based vegetation communities, the additional area of each community considered to be 
maintained in a healthy condition following increased flooding frequency (an ARI of 1-in-2 years for river red gum and 
1-in-5 years for black box) was multiplied by published estimates of standing carbon stocks for the two types of 
vegetation. For river red gum, the standing carbon stocks were estimated to be in the range of 23.5 tonnes of carbon/ha 
(Grierson et al., 1992) to 571.9 tonnes of carbon/ha (Hassall and Associates, 1998). For black box, the standing carbon 
stocks were 25 tonnes of carbon/ha (Grierson et al., 1992). Total carbon stocks were then multiplied by 3.667 to convert 
to carbon dioxide equivalents (Table 5.5). 
Erosion prevention and maintenance of soil fertility; Nursery
The proportion of the floodplain that is vegetated in each Basin Plan region is used in Section 5.4 to estimate supply of 
two ecosystem services: (i) erosion prevention and maintenance of soil fertility, and (ii) nursery. The change in area of 
vegetated floodplain is estimated using the same method as for carbon sequestration: the areal change in inundation is
calculated under the 2800 scenario relative to the baseline scenario for the river red gum and black box vegetated 
floodplain, for ARIs of 1-in-2 years and 1-in-5 years. Again, the assumption is that floodplain vegetation that receives 
increased flooding inundation will maintain a healthy condition, whereas vegetation that does not receive sufficient 
inundation to maintain health is in decline over the long term.
5.5.2 Qualitative incremental changes 
Remaining ecosystem services
Due to the lack of spatially-explicit data and/or suitable process models, it was not possible to defensibly quantify the 
incremental changes in the supply of all ecosystem services reported in the audit of Section 5.4. Instead, these 
incremental changes were qualitatively estimated using the relatively simple metric of mean annual flow (ML/year) under 
the 2800 scenario relative to the baseline scenario. 
Mean annual flow (ML/year) was calculated for end-of-system flows in each Basin Plan region under the baseline 
scenario and the 2800 scenario. The percentage change in mean annual flow under the 2800 scenario relative to the 
baseline scenario (shown in the last row of Table 5.5) provides an estimate of the magnitude of hydrologic and 
biophysical changes expected under the 2800 scenario. The assumption is that there is a positive linear relationship 
between the incremental changes in flow and the incremental changes in the supply of ecosystem services – that is, 
increased flow results in an increased supply of ecosystem services. It is further assumed that the greatest incremental 
change in the supply of an ecosystem service in a Basin Plan region occurs when the magnitude of the change in mean 
annual flow is high and the magnitude of the supply of the ecosystem service is high, as determined by the audit 
(Section 5.4). 
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5.5.3 Discussion 
Table 5.5 presents the incremental changes in the supply of ecosystem services under the 2800 scenario relative to the 
baseline scenario. Some clear patterns emerge.
A high proportion of the 2800 GL/year of water will be sourced from the southern Basin where ecosystem health is 
considered poor to very poor, where overallocation is greater relative to the northern Basin, and where the largest 
changes in flow regime are required in order to recover toward natural conditions. Thus much of the halt or reversal in 
decline in condition of vegetated floodplains and wetlands – and therefore the bulk of the ecosystem service and 
economic benefits – are likely to occur in the southern Basin, particularly in the Murray, Goulburn–Broken and 
Wimmera–Avoca Basin Plan regions.
A relatively small proportion of the 2800 GL/year of water will be sourced from the northern Basin where ecosystem 
health is better and overallocation relatively less, resulting in smaller incremental changes in the supply of ecosystem
services in the northern Basin relative to the southern Basin.
In Chapter 6, the monetary value of the incremental changes in the supply of ecosystem services is quantified where 
defensible, using the following quantitative estimates of incremental changes:
x estimates provided in Table 5.5
x additional estimates provided in Sections 6.3.2, 6.7, 6.8 and 6.9 for food and fibre (fishing), moderation of 
extreme events, aesthetic appreciation and cultural inspiration, and tourism (respectively).
The qualitative incremental changes in ecosystem services reported in Table 5.5 cannot be quantitatively valued in 
monetary terms. 
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6 Economic benefits
Chapters 3, 4 and 5 estimate incremental changes in the supply of ecosystem services under the 2800 scenario relative 
to the baseline scenario in the Murray–Darling Basin. Chapter 6 elicits the monetary value of these incremental changes 
using a number of economic valuation techniques (revealed and stated preference, damage cost avoidance and benefit 
transfer (Table 6.1)). Specifically this chapter:
x calculates the incremental changes in the supply of ecosystem services that are not calculated in Chapters 3, 
4 or 5 – namely for the ecosystem services of food and fibre (fishing, Section 6.3.2), moderation of extreme 
events (Section 6.7), aesthetic appreciation and cultural inspiration (Section 6.8) and tourism (Section 6.9)
x identifies those incremental changes in the supply of ecosystem services that can be valued using monetary 
valuation techniques
x elicits the monetary value of these incremental changes under the 2800 scenario relative to the baseline 
scenario, both from new research commissioned for this project and from previous valuation research
x explains caveats and cautions in using these results
x identifies research gaps.
In this report the monetary values are presented in 2010 dollars. They are not discounted because the analysis does not
involve time but rather two different states (that under the 2800 scenario, and that under the baseline scenario). There is 
no information on the timing of the stream of benefits for the ecological indicators or water quality benefits that underpin 
the monetary values calculated. For the ecological indicators, this would require an understanding of the rate of recovery 
or the shape of each ecological response curve as well as an understanding of non-linearities and thresholds and any 
interdependencies between ecosystems; the complexities of this exercise are considerable. Instead, in this chapter the 
state under the 2800 scenario is compared with the state under the baseline scenario. It is a comparative static analysis. 
A limitation of this approach is that it is difficult to compare the incremental benefits accruing under the 2800 scenario 
with the costs of recovering 2800 GL/year of water for the environment. There is one important exception: for 
comparison, the values for the ecosystem service of habitat are calculated using the same estimates of value presented 
in CIE (2011, Table 2.7), which are present values using 2010 real dollars. For all other CIE (2011) estimates of 
monetary value presented in this chapter, annual values in 2010 dollars are used – not total present values.
The monetary values presented in this chapter provide an estimate of the value of the ecological benefits under the 2800 
scenario relative to the baseline scenario and also the magnitude of the different benefits. For a few ecosystem services 
valued using the avoided cost methodology, the monetary values presented are: total costs incurred over the millennium 
drought; these costs adjusted to reflect incremental changes under the 2800 scenario relative to the baseline scenario 
when an appropriate threshold is available; or millennium drought-based costs adjusted to annual figures. In each 
instance these are labelled in the relevant tables. These costs are not strictly in 2010 dollars, as they represent costs 
incurred over the length of the millennium drought; however, a large proportion of total expenditures occurred near the 
end of the drought (Connor et al., 2011). Table 6.2 summarises how these monetary values were calculated.
Two explicit assumptions were made when valuing some of the ecosystem services: (i) there is a linear relationship 
between ecological response and the economic value, and (ii) the current analysis is on the marginal utility curve where 
marginal utility is increasing (i.e. diminishing marginal returns are not yet a factor). These assumptions are probably 
adequate given that there is widespread ecological degradation in the Basin and any improvements are likely to be 
viewed positively in terms of human wellbeing. In this chapter are identified those cases where these assumptions are 
made.
This project does not estimate the costs of recovering 2800 GL/year of water for the environment. It also does not 
estimate the benefits under other scenarios, for instance a different 2800 scenario or scenarios where other volumes of 
water are recovered for the environment. The project is just one element that will be input to a more complete cost–
benefit analysis of the proposed Basin Plan being undertaken by the Murray–Darling Basin Authority (MDBA). It should 
also be noted that economic valuation of benefits is just one way to assess the benefits of the proposed Basin Plan.
Different people may have different ways of assessing benefits. 
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Table 6.1 Ecosystem services analysed in this chapter (plum outline), including the methods and models used to estimate the 
monetary value of incremental changes in the supply of ecosystem services. The scale of analysis, the flow scenarios 
modelled and the relevant section in the chapter are listed  
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Table 6.2 Input data and methodologies used to calculate the value of the incremental changes in the supply of ecosystem 
services
Ecosystem service Nature of benefit Source of input data Valuation methodology
Provisioning services
Food and fibre (fishing) x Increased river flowsx Reduced salinity
x EconSearch (2009b) 
x Observed flow data
x MDBA flow scenarios
x Production cost
Fresh water (quantity) x Increased river flows x MDBA flow scenarios x Avoided costx Consumer surplus losses
Fresh water (quality) x Increased river flowsx Higher Lower Lakes level
x Tables 4.2, 4.3 and 4.4
x Figure 4.3c
x MDBA flow scenarios
x Avoided cost
Regulating services
Carbon sequestration x Improved vegetation health and extent
x Tables 3.4, 3.6, 3.8 and 3.10
x Table 5.5 x Carbon credit market
Erosion prevention and 
maintenance of soil fertility x Higher river levels x MDBA flow scenarios
x Avoided cost
x Benefit transfer (TEEB, 2010)
Moderation of extreme events 
(flood control)
x Changes in storage 
management x CIE (2011) x Benefit transfer (CIE, 2011)
Cultural services
Aesthetic appreciation and 
cultural inspiration
x Increased river flows
x Increased frequency of 
meeting environmental water 
requirements
x Real estate data: RP data*
x Environmental water 
requirements
x Observed flow data
x MDBA flow scenarios
x Hedonic
Tourism x Increased river flows
x TRA (2011)
x Observed flow and lake level 
data
x MDBA flow scenarios
x Travel cost: benefit transfer 
(CIE, 2011) and calculations
Habitat services
Habitat (both nursery and 
genetic diversity)
x Increased flows for meeting 
ecological targets for 
floodplain vegetation, 
waterbirds and native fish
x Morrison and Hatton 
MacDonald (2010) study of 
River Murray
x Chapters 3 and 5
x T Arthur (CSIRO), 2011, 
pers. comm.
x Benefit transfer
x Avoided cost
* See <http://www.rpdata.com/>
6.1 Key findings
x Table 6.3 summarises the monetary values of incremental changes in the supply of ecosystem services under 
the 2800 scenario relative to the baseline scenario. The methodologies and data used are reported in Table
6.2. Qualitative estimates of these values are provided where robust monetary values cannot be calculated 
(see Section 5.5 and Table 5.5).
x To avoid the risk of double counting, monetary values in different rows in Table 6.3 should not be summed to 
a single value because of possible overlaps. For example, the non-use values that underpin the habitat values 
may also capture some aspects of other ecosystem services such as recreation and mental health, or 
aesthetic appreciation and cultural inspiration.
x There is substantial scope to improve the estimates of value of ecosystem services in the Basin.
x The monetary value of benefits that arise under the 2800 scenario relative to the baseline scenario is 
dominated by habitat ecosystem services. Other studies have come to similar conclusions (CIE, 2011). 
x Using values from previous studies, the Basin-wide value of enhanced habitat ecosystem services – arising 
from floodplain vegetation, waterbird breeding, native fish and the Coorong, Lower Lakes, and Murray Mouth –
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is potentially worth about AU$3 billion to AU$8 billion (present values using 2010 dollars) under the 2800 
scenario relative to the baseline scenario.
x A new choice modelling survey is recommended because previous work was limited to only the River Murray 
and did not value the same ecological outcomes calculated in this report.
x Outside of the non-use values of habitat, carbon sequestration is potentially a large benefit under the 2800 
scenario. The total volume of carbon held within river red gum and black box floodplain vegetation that is 
maintained in a healthy condition is potentially worth in the order of an additional AU$120 million to AU$1 
billion (in 2012 dollars) under the 2800 scenario relative to the baseline scenario.
x The value of increased supply of other ecosystem services is substantial. For example, improved aesthetic 
appreciation is worth more than AU$330 million (in 2010 dollars) under the 2800 scenario relative to the 
baseline scenario.
x There is a need for a Basin-wide recreation study to value the direct and indirect benefits of changed flow 
regimes and lake levels. Estimates presented for the Murray region range from AU$66 million to AU$161 
million per year (in 2010 dollars) under the 2800 scenario relative to the baseline scenario.
x Cost-based methods indicate indirect benefits under the 2800 scenario, such as erosion prevention and water 
quality improvements. They should be used with care in a cost–benefit analysis.
x Estimates of Aboriginal cultural values are not provided. A Basin-wide research program on cultural flows 
would be useful. A case study of the Wamba Wamba community at the Werai Forest presented here 
highlights the types of cultural benefits that might accrue under the 2800 scenario. These include direct 
ecosystem responses of importance to the community, such as a source of food medicine and ceremonial 
plants and opportunities to promote cultural tourism, as well as more indirect benefits such as informing future 
‘cultural flow’ research and supporting the information needs of the Wamba Wamba in their management 
strategies for the Werai Forest. 
x Some values, particularly those that underpin preferences for goods and services traded in the market, are 
amenable to measurement by economic techniques which can take stock or aggregate values. Human 
preferences can also be conveyed in democratic environmental policy processes such as water planning.
Research on values can contribute to public debate in two ways: (i) by revealing values, and (ii) by 
understanding the conditions for transforming values towards some identifiable goal such as re-allocation of 
water resources. The very processes of debating the Basin Plan, for example, will likely entrench some values 
and influence or transform others.
x This valuation did not estimate the benefit to society from improved human capacity to negotiate the re-
distribution of water resources, that is, to adaptively manage and re-allocate water to the environment. A 
rigorous process that considers the available information (on values, threats, etc.) and considers different 
perspectives will generate a more informed population which is likely to see as legitimate the decisions arising 
from the re-allocation process. Economic benefits would presumably flow from the certainty – or at least 
absence of conflict – that such a process might generate.
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6.2 Introduction
This chapter estimates the monetary value of the incremental changes in ecological (Chapter 3), water quality (Chapter 
4) and ecosystem service (Chapter 5) benefits under the 2800 scenario relative to the baseline scenario. Quantitative 
monetary values of enhanced supply of the following ecosystem services are reported in this chapter:
x food and fibre (gross value of irrigated agricultural production) in Section 6.3.1
x food and fibre (fishing) in Section 6.3.2
x fresh water in Section 6.4
x carbon sequestration in Section 6.5
x erosion prevention and maintenance of soil fertility in Section 6.6
x moderation of extreme events in Section 6.6.2
x aesthetic appreciation and cultural inspiration in Section 6.8
x tourism in Section 6.9
x habitat (both nursery and genetic diversity) in Section 6.10.
Where it is not possible to quantify values, qualitative estimates of the values are provided in Table 6.3 by assuming that 
the value is linearly related to the qualitative estimate of the incremental changes in the supply of the ecosystem 
services, provided in Table 5.5.
Chapter 5 shows that the ecosystem services of habitat and fresh water are considered the most important by the wider 
public, confirming the approach taken here to value incremental changes in those ecosystem services. It is likely difficult
for the wider public to both (i) appreciate the many regulatory services provided by the Basin’s ecosystems, and (ii) value 
the flows provided by regulatory services.
This chapter frequently cites CIE (2011), the first study commissioned by the MDBA to assess the costs and benefits of 
the Guide to the proposed Basin Plan (MDBA, 2010). The CIE report was a helpful starting and reference point and 
TheCIE have provided constructive assistance throughout this research project. It is insightful to list how this report 
differs from CIE (2011):
x The timing of the studies differs. The CIE report reflects the Guide to the proposed Basin Plan (MDBA, 2010) 
and this project was commissioned to assess a 2800 scenario which aligns closely to the proposed Basin Plan
(MDBA, 2011a).
x The current report is the culmination of a detailed integrated hydrology–ecology–economics research 
collaboration across the project team. The result of this integration is that the foundation of the economic 
valuation in this chapter represents the most current and comprehensive water quality and ecological science. 
For instance, although both this chapter and the CIE report use the same non-use values for benefit transfer
(Morrison and Hatton MacDonald, 2010; Hatton MacDonald et al., 2011b), this chapter bases the benefit 
transfer on the data on changes in ecology and ecosystem services in Chapters 3 and 5.
x Another advance of the present study is that the cost-based estimates are related to thresholds, enabling more 
robust probability-weighted estimates of benefits.
x Furthermore, this chapter presents new hedonic research that links changes in flow and lake level to estimates 
of aesthetic appreciation benefits, and catalogues cultural benefits of changed flow and inundation regimes to 
the Basin’s Aboriginal communities using a case study.
Although there are many challenges to valuing the environmental benefits accruing under the 2800 scenario (see CIE,
2011), it is important to understand the type and magnitude of benefits resulting from public investment in the restoration
of the Basin’s riverine, wetland and estuarine ecosystems. This chapter focuses on two scenarios (as defined in Table 
2.2 in Chapter 2): the baseline scenario and the 2800 scenario. This chapter uses several valuation methods (e.g. 
hedonic property, benefit transfer, avoided cost) to estimate the value of change between the ‘with’ and ‘without’
Chapter 6 Economic benefits ƒ 153
scenarios (i.e. the incremental changes in the supply of ecosystem services under the 2800 scenario relative to the
baseline scenario). This range of methods means that the benefit estimates are not directly comparable in many cases;
the text and tables highlight where the estimate is based on modelled incremental changes under the 2800 scenario 
relative to the baseline scenario, or on avoided costs incurred during the millennium drought and an ecological threshold. 
There are limitations with these methods, which stem from uncertainty, or from assumptions about ecological responses
and valuation of incremental changes. These limitations are discussed in each section. Table 6.3 reports all of the values 
of the incremental changes in the supply of ecosystem services estimated in this project. Tables in each section provide 
more details about these values.
The 2800 scenario provided by the MDBA and used in this report is just one way to recover 2800 GL/year of water for
the environment. The precise improvement due to this change in management will be determined by where
environmental water is sourced, the security of water licences, and how the environmental water is managed in practice
including any carryover and trading provisions, as well as any other natural resource management activities undertaken 
to support the objectives of the Water Act 2007 (Cwlth). The analysis in this report does not account for the costs of 
maintaining environmental water licences or the administrative, management and monitoring costs associated with the 
Environmental Watering Plan.
There are likely numerous social dimensions to the benefits of improved ecosystems in the Basin. Communities often 
develop a sense of attachment towards natural places and support measures or volunteer to protect and restore such 
places (Tapsuswan et al., 2011). Measuring wellbeing and sense of place requires specialised surveys which were not
undertaken for this report. Previous work indicates that there are ‘expectations of enhanced community levels of 
wellbeing and optimism’ in South Australia below Lock 1 with more water in the Lower Murray and Lower Lakes (MJA,
2010a, p. xviii). In many other parts of the Basin, communities are also very connected to place (Howard, 2008).
Community benefits to Aboriginal people in the Basin might be enhanced with improved ecosystem health, in variety of 
ways:
x It is likely that community values relating to restoration and to stewardship (where communities are involved 
with the co-management of environmental watering) will be enhanced.
x It is also likely that direct benefits from improved ecosystem health in terms of provision of bush tucker and
other materials for cultural activities, as well as amenity benefits at some cultural sites, will be enhanced.
These cultural, community-based values are difficult to quantify without a dedicated research program. In Section 6.11, a
case study completed for this project tries to ascertain some of these benefits.
6.2.1 Value
Before turning to the results, a comment on terminology is offered. Different people attach different meanings to the word 
‘value’. For example, although many people use the term synonymously with ‘price’, economists are more likely to use 
the word when considering the extent to which a particular good or service contributes to the wellbeing of an individual or 
of society, and social scientists are more likely to use the phrase ‘value system’ when talking about either an individual’s 
or a society’s set of principles, norms and beliefs. However, these apparently different interpretations of the meaning of 
the word value are related. The principles, norms and beliefs of a society – and of the individuals within it – shape 
individual and social preferences. These preferences influence demand and supply of goods and services purchased by 
individuals, which interactively determine market prices. Preferences, underpinned by principles, norms and beliefs, may 
be conveyed in market transactions for environmental goods and services. They can also be conveyed in democratic 
environmental policy processes such as water planning – for example, individuals may express their own sense of 
welfare by speaking up at town meetings and registering complaints about new water licences or draft water plans 
(Ascher and Steelman, 2006; Miller, 2008). 
Principles, norms and beliefs also underpin other kinds of human behaviour and influence environmental experiences, 
such as whether an individual likes to spend time fishing or camping, engages in religious activities or feels inspired by 
the beauty of nature. Transmitted by cultural and social processes, value systems are often shared within groups of 
people, and conformity with – or resistance to – group value systems can be an important way of expressing identity.
Clearly, the relationship between these different interpretations is neither precise nor predictable. Feedbacks and 
complex interactions are possible (for example, when changes in personal or social preferences serve to change market 
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prices, which in turn change social–cultural beliefs about priorities). There is therefore not a one-to-one correspondence 
between social, cultural and monetary values and price.
What is, perhaps, most relevant to this chapter is the fact that absence of price does not indicate absence of value, using 
either the economic or the sociological sense of the word. Many environmental goods and services (e.g. biodiversity) are 
not traded in the market place, so do not have a price. But many environmental goods and services are vitally important 
to individuals and to society and may therefore be thought of as being of value. In fact, it is common for some goods and
services – and other highly valued ways of relating to the environment – to be described as ‘priceless’. This term refers to 
environmental features, ecological processes or cultural practices that cannot be replaced or substituted, nor compared 
with a monetary unit of value. 
It is clear that there are profound differences in the ways that cultural groups define or ‘see’ the natural environment. 
Some people are likely to feel that the environment is of value largely because it provides food and shelter, whereas 
others may place much greater emphasis on recreational, aesthetic or spiritual factors (see Straton and Zander (2009)
for an estimate of the incremental value of different ecosystem services associated with the Daly and Mitchell rivers in 
northern Australia). Some of these values are complementary, and some are not (see Jackson et al. (2006) for the social 
and economic values associated with Australia’s tropical rivers). Some are formally recognised (or valued) by all
individuals in all societies (e.g. the importance of food and water), but many are not (e.g. nutrient cycling). Only a few of 
these values are formally recognised in the marketplace, and their relative importance differs between people. Different 
individuals may ascribe different value types to the same entity and express these values in different ways. 
Studies that seek to generate a single monetary estimate of value may therefore be masking important underlying 
differences. Searching for a single fixed number may also distract researchers, policymakers and stakeholders from 
creating processes that allow for the recognition of ‘multiple currencies of values’ (Syme and Hatfield-Dodds, 2007). 
Many social scientists, economists and ecologists are keenly interested in the potential for environmental planning 
exercises to generate understanding and learning among groups with different values (Orr et al., 2007), thereby 
transforming preferences, not simply taking stock of them or aggregating them (Williams, 2000). Benefits are likely to 
arise from certain transformations in values, particularly those that result in increased human capacity to negotiate 
trade-offs and adjust to structural reform. For example, a rigorous process that considers the available information (on 
values, threats, etc.) and includes different perspectives will generate a more informed population or group through social 
learning. Economic benefits would presumably flow from the certainty – or at least the absence of conflict – that this 
would provide, although the research reported here did not attempt to estimate any changes in social learning that may 
be occurring as a result of recent and current efforts to re-allocate water and adaptively manage water resources. Future 
research could address this broader issue.
6.2.2 Avoided costs
In this project the value of some ecosystem services was estimated using cost-based data. A suite of emergency 
mitigation expenditures were incurred by the South Australian and federal governments to remediate and mitigate 
environmental decline during the millennium drought (Connor et al., 2011). This chapter reports on the overall 
expenditures and, where possible, hydrologic thresholds for environmental degradation are identified: the probability that 
these thresholds will be breached under the baseline and 2800 scenarios is compared and used to estimate the 
incremental value of avoided costs between the scenarios (i.e. an estimate of those expenditures by governments that 
might be avoided in the future). This analysis explicity assumes that future damage and mitigation costs would be of 
similar magnitude to costs incurred during the millennium drought. The focus here is on the South Australian portion of 
the Basin because much of the drought-exacerbated environmental degradation occurred in the Lower Murray system. 
The avoided cost approach is used to estimate three environmental or habitat remediation programs for river red gum 
die-off, acid sulfate soils and dredging the Murray Mouth. 
Some economists have argued that avoided cost estimates should be used with care (US NRC, 2005; Shabman and 
Batie, 1978; Bockstael et al., 2000). The key concern is that these approaches do not provide measures of economic 
welfare: depending on the shape of the supply and demand curves for ecosystem services, avoided costs are unlikely to 
be equivalent to changes in economic surplus between the 2800 and baseline scenarios. For these reasons, avoided 
cost values should not be used in cost–benefit analyses. Further, defensive expenditures may not reflect peoples’ 
preferences and are unlikely to equal the value of the ecosystem service but rather the costs expended to replace some, 
or all, of that service loss, or the costs paid to avoid further ecosystem service loss. Nevertheless, in those cases where 
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expenditures are mandated by legislation, there is a stronger economic argument that these costs represent a welfare 
measure. Basin state and/or federal legislation, as well as international treaties, have required government defensive 
expenditure. Specifically, the Ramsar Convention (1971) obligates that the Australian Government protect the ecological 
character of the Ramsar-listed wetlands (Pittock and Connell, 2010), that is, dredging the Murray Mouth and acid sulfate 
soil works for the Coorong, Lake Alexandrina and Lake Albert Ramsar site1. The South Australian Safe Drinking Water 
Act 20112
6.4
and the Australian Drinking Water Guidelines (NHMRC, 2011) required state and national governments to 
provide uninterrupted supplies of drinking water to drought-impacted communities (Section ).
Those estimates that are based on millennium drought expenditures are identified in the tables that follow. Estimates 
based on these expenditures were, where possible, either annualised or reported as an expected benefit under the 
2800 scenario relative to the baseline scenario. In the tables the type of avoided cost is identified. 
6.3 Food and fibre
6.3.1 Gross value of irrigated agricultural production
The key impact on the provisioning ecosystem service of food and fibre is the reduction of irrigated agricultural output 
and the shift towards dryland agricultural practices. This project focused on the benefits under the 2800 scenario, not on 
the expected costs. Information on modelled estimates of reduced irrigated agricultural production, including estimates of 
impacts on the gross value of irrigated agricultural production, was reported in MDBA (2011b).
Incremental changes in this indicator were calculated in Section 5.5 using estimates reported in MDBA (2011b). Unlike 
all other indicators (that have a range of units related to the biophysical property being measured), gross value of 
irrigated agricultural production is already a value in units of AU$ million. Thus no additional calculations are required to 
report as a value, and the values are taken directly from Table 5.5.
6.3.2 Fishing
Some evidence suggests that commercial fishery-related benefits from increased flows might be small (MJA, 2010b,
p. 25). This evidence is based on the fact that the millennium drought did not heavily impact commercial fishery catches 
in South Australia. The authors of the MJA (2010b) report noted that this may reflect ‘adaptive management by fishery 
licensees’. The Lakes and Coorong fishery is a separate commercial fishery managed through a regime of input and 
output controls such as limited entry, gear restrictions, and spatial and temporal closures (PIRSA, 2009). However, the 
MJA (2010a, p. xviii) state that commercial fishing will benefit from higher end-of-system flows and lower salinity 
concentrations. Commercial fish catch data provided by EconSearch (2009b) to PIRSA may support this perception as 
there seems to be a negative correlation between commercial fish catch and end-of-system flows. Commercial fishing 
data for the Lakes and Coorong region for the period from 1990–91 to 2007–08 and the mean monthly streamflow in GL
at Riverland–Chowilla Floodplain are shown in Figure 6.1 (note that river fishery data are excluded in 2003–04 and
2007–08). Using these data, flows were statistically correlated with commercial fish catch. It was not possible to account 
for changes in fishing effort and gear, wholesale prices, fishery management or other factors. The simple regression had 
an adjusted R-squared of 0.26 and the coefficients for the intercept and average monthly flow were significant and 
positive at the 3% level (see Table 6.4). Using the regression equation, commercial fish catch benefits under the 2800 
scenario increase by 77 tonnes/year relative to the baseline scenario. It is assumed that there is a linear relationship 
between flow, fish catch and benefits. Average price per tonne over the period was AU$2,405 or AU$2,601 in 2010 
dollars, giving an estimate of incremental revenue (not producer surplus) of AU$0.20 million annually.
1 Listed 1 November 1985. Ramsar site number 321.
2 Prior to this State Act, South Australia relied on the Australian Drinking Water Guidelines (NHMRC, 2011).
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Figure 6.1 Commercial fish catch (from 1990–91 to 2007–08, tonnes) and mean monthly flow at Riverland–Chowilla 
Floodplain (GL)
Source: EconSearch (2009b, Tables 3.1 and 3.2), MDBA flow scenarios
Table 6.4 Commercial fishing regression results
Variable Coefficients Standard error t-Stat P-value
Intercept 2,226.59 115.06 19.35 0.00
Monthly flow at Riverland–Chowilla 
Floodplain 0.0005 0.0002 2.40 0.03
N = 18, adjusted R-squared = 0.26, standard error = 314.66
Table 6.5 Monetary value of benefits of commercial fishing (AU$ million/year) for the Murray region
Valuation methodology
Monetary value of
benefits of
commercial fishing
AU$ million/year
Murray
Revenue, annualised in 2010 dollars, under the 
2800 scenario relative to the baseline scenario $0.20
There is also an active recreational fishing sector in the Basin. In a recent report, Ernst & Young (2011) used 
participation rates from Henry and Lyle (2003) to estimate that there are approximately 430,000 fishers in the Basin. A
2009 Ernst & Young survey of fishers in Victoria concluded that fishers take on average 12 trips annually and spend 
AU$250 per trip (AU$262 per trip in 2010–11). The estimate of average annual expenditure (12 trips x AU$250/trip = 
AU$3,000 annually) is much higher than that found in Henry and Lyle (2003), AU$362 per fisher in the Australian Capital 
Territory and AU$721 per fisher in Victoria (but less than the Morrison and Hatton MacDonald (2010) estimate). This 
might be explained, in part, by the Ernst & Young assumption that all trips are taken within the Basin as well as the 
inclusion of other expenses, such as boat maintenance. A Basin-wide survey of fishers could establish the proportion of 
fishing trips within and outside of the Basin; there is some evidence from New South Wales that the popularity of 
recreational fishing is higher in the Murray and Murrumbidgee river systems than the state-wide average (DPI, 2003). 
Assuming 12 trips and AU$262 expenditure per trip, Ernst & Young (2011) calculated that annual expenditures on 
recreational fishing in the Basin are around AU$1.35 billion, see Table 6.6. Ernst & Young (2011) estimate the total value 
of recreational fishing in the Basin; they do not estimate benefits of a change in the flow regimes. There is some 
evidence from South Australia on how the millennium drought affected recreational fishing.
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Table 6.6 Fisher participation rate, fisher numbers and direct expenditure by state in the Basin for 2010
Jurisdiction
Participation 
rate*
Number of 
recreational 
fishers
Direct expenditure of 
recreational fishers**
% Number AU$ million
Australian Capital Territory 18% 61,216 $192
Murray–Darling Basin 429,857 $1,352
New South Wales 21% 168,661 $530
Queensland 20% 48,395 $152
South Australia 31% 36,137 $114
Victoria 19% 115,448 $363
* from Henry and Lyle (2003)
**assumes 12 trips taken per year and per trip expenditure of AU$262
Recreational fishing is open access in South Australia and there are concerns of the impact of this sector on fisheries 
management objectives (McPhee et al., 2002). To comply with the state Fisheries Management Act 2007, the state 
estimates recreational catch for 12 key species. The recreational fishing survey completed in 2007–08 (Jones, 2009) 
indicated that most freshwater fishing activity was in the River Murray. Fishing activity (reported by diary surveys in 
November 2007 and October 2008) declined by 8.7% in 2008 compared to 2007. The author postulated that reduced 
leisure time accounted for some of the decline. However, reduced water levels with worsening drought conditions were 
also cited as a possible reason, specifically diminished access to fishing sites resulting from low water levels. Supporting 
this hypothesis is the fact the decline in fishing effort between this survey and the National Recreational and Indigenous 
Fishing Survey 2001–02 (Henry and Lyle, 2003) for freshwater fishing regions was far greater than that for marine fishing 
regions (Jones, 2009). Fishing effort (number of fisher days) in the Murray, Lakes and Coorong declined markedly 
between 2000–01 and 2007–08, from approximately 250,000 days to 110,000 days (Jones, 2009) (note that this 
estimate of recreational fishing activity in South Australia assumes fishers took an average seven trips in 2000–01 and 
three trips in 2007–08 which is significantly lower than that estimated by Ernst & Young (2011). This might be partially 
explained by Jones’ (2009) finding that one-fifth of anglers account for two-fifths of fishing effort, i.e. fisher activity is 
heterogenous and is perhaps overstated by the 12 trip per year average used in Ernst & Young (2011)). Morrison and 
Hatton MacDonald’s (2010) value of general recreation is used here to estimate a AU$7.76 million decline (in 2010 
dollars) in recreational fishing benefits between these two data points.
There are insufficient data to statistically correlate flows and lake levels with recreational fishing activity. If a relationship 
could be established, and changes in leisure time, demographics and other factors could be accounted for, it would be 
possible to estimate the recreational fishing activity benefits under the 2800 scenario using benefit estimates transferred 
from Morrison and Hatton MacDonald (2010). Underpinning any such recreation study is knowledge about fish habitat. 
The modelling reported in Chapter 3 provides some evidence for changes in fish abundance: there are likely to be some 
fish recruitment benefits under the 2800 scenario. These benefits vary by fish group and by location, for instance there is 
some improvement in habitat suitability for fish like the Murray cod and trout cod in the main Murray and Murrumbidgee 
channels as well as for flood spawners (golden perch and silver perch) and the Macquarie perch in the lower reaches of 
the Murray. Many of these fish species are prized by recreational anglers (Ernst & Young, 2011). These increases in 
habitat suitability are consistent with an increase in inundation frequency in the Lower Murray expected under the 2800 
scenario. Note that no estimates are provided on how invasive species populations, such as carp, might be affected 
under the 2800 scenario and, further, how any such changes will translate into possible disbenefits, including increased 
expenditures for carp management.
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6.3.3 Floodplain grazing
The CIE study (2011) briefly summarised the benefits of floodplain flooding to floodplain graziers and results from a study 
that estimated the benefits of flooding to floodplain graziers on the Paroo River. However, there was insufficient 
information to estimate changes under the scenarios that CIE reviewed. 
A broader issue is that grazing of floodplains in the southern Basin has effectively been eliminated in recent years due to 
the change in land tenure from freehold to National Park (e.g. Yanga and the Taroo group), from State Forest or State 
Park to National Park or Indigenous Protected Area (e.g. Lower Ovens, Lower Goulburn, Lindsay–Wallpolla, Barmah, 
Werai, Millewa, Baroonga). Grazing is now much more of an issue for floodplain management in the northern Basin, 
especially in the Gwydir Wetlands, southern Macquarie Marshes, parts of the Warrego and Darling systems, and parts of 
the Lachlan (those in the semi-arid zone; the higher rainfall areas are cropping country). It is not especially a significant 
issue for the Condamine–Balonne, Border Rivers or Namoi floodplains as these are predominantly cotton-growing 
regions.
In the areas where floodplain grazing is important, changes in the timing, duration, location and extent of floodplain 
flooding between the baseline and 2800 scenarios would be foundational information for any valuation study. However, a
complication with floodplain grazing dynamics is that a flood is not necessary to generate fodder. Rainfall events at the 
right time of year will generate feed. Therefore modelled changes in flooding are only one part of the story. A more 
comprehensive analysis would link rainfall and flooding events to an ecological response model for grasslands to 
estimate changes in feed availability. Any changes in feed availability would affect grazier profitability which could be 
estimated with production functions. 
6.4 Fresh water
Table 6.7 summarises the monetary value of benefits of the ecosystem service of fresh water, as calculated in this 
project. In the following sections detailed information is provided on the methodologies used to estimate these values. In 
many cases a range is presented for the estimated value. The ecosystem service of fresh water has two aspects: 
adequate quantity and quality sufficient to meet multiple uses. Under the 2800 scenario, more water is left in the river,
more water remains for end-of-system flows (see Figure 2.2), and water quality is improved (see Chapter 4).
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Table 6.7 Monetary value of benefits of fresh water (AU$ million) for the Murray region and the Murray–Darling Basin
Valuation methodology
Monetary value of
benefits of fresh water
(quantity)
Monetary value of
benefits of fresh water
(quality)
Domestic 
supply
Dredging of 
Murray 
Mouth
Salinity
Cyano-
bacterial
blooms
Blackwater
events
Acid sulfate 
soils
AU$ million
Murray
Total expenditure during the
millennium drought $208.6 $32.0 $32.1 $83.1
Avoided cost, annualised, using CIE 
(2011) results (under their 3000 GL
scenario relative to their baseline 
scenario)
$1.82 $12.6
Estimated avoided cost, under the 
2800 scenario relative to the baseline 
scenario
$17.78 $1.1 $9.23
Estimated avoided cost, annualised $0.002–$0.20
Whole-of-Basin
Estimated annual avoided cost (in 
2010 dollars), under the 2800 scenario
relative to the baseline scenario (the 
range depends on assumptions about 
visitor numbers, see text)
recreation:
$5.29–$10.58
recreation:
$5.02–$10.04*
Estimated avoided cost, annualised, 
using Atech Group (1999) results
treatment: 
$0.09
testing: $0.79
* annual for 6 years
6.4.1 Fresh water (quantity): domestic supply
The 2800 scenario models changed water sharing plan rules to meet conveyance water requirements, a reserves policy, 
and critical human water needs (see Water Act, Section 86).3
The South Australian Government and the Australian Government funded a total AU$208.6 million in large-scale 
infrastructure and emergency water supply spending during the millennium drought to ensure critical human water needs 
were met as required by legislation. The Australian Government under the Water for the Future Sustainable Rural Water 
Use and Infrastructure program funded a AU$120 million state-led State Priority Project
Critical human water needs are the highest priority and 
therefore shortfalls to this sector are expected to occur infrequently (see Crossman et al., 2011). The benefits of fresh 
water (quantity) under the 2800 scenario relative to the baseline scenario have been estimated using two methods:
avoided cost and consumer surplus losses.
4 for integrated pipelines for 
irrigation, stock and domestic, and potable uses in the areas near the Lower Lakes. The new pipelines mean these 
communities no longer rely on the Lower Lakes for water supply and thus the incremental value for water security 
between the baseline and 2800 scenarios is zero. However, these one-time expenses demonstrated how much funding 
governments make available to ensure that critical human water needs and stock and domestic needs are met. The 
other large expenditure was the purchase of temporary water. Between 2007 and 2010, the South Australian government 
purchased 167 GL of temporary allocations for critical human water needs (Department for Water, 2011). In this project, 
it is estimated this water cost the South Australian government AU$88.6 million.5
3 Critical human water needs are 204 GL for South Australia, 77 GL for Victoria and 61 GL for New South Wales. The Australian Capital 
Territory has a 17 GL net-use cap.
Under the 2800 scenario there is a low 
probability of shortfalls to urban and country domestic users. In the 4-year period from 2007 to 2010, it is estimated that 
AU$22.15 million was spent on average each year on emergency supplies. Frequency distribution curves were fitted to 
4 See <http://www.environment.gov.au/water/policy-programs/srwui/state-priority-projects/index.html>.
5 There is no information on the volumes of water bought in each year. It was assumed that 41.75 GL was bought in each year, i.e. in 
2007, 2008, 2009 and 2010. An adapted version of Brennan’s (2006) regression equation reported in Connor et al. (2011) was used to 
estimate temporary water allocation prices. Because of data limitations, prices in 2010 were assumed to be equivalent to prices in 2009.
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water supplied data during the millennium drought and analysed. The probability-weighted annual avoided costs under 
the 2800 scenario were estimated to be AU$0.20 million.
The second method estimates the welfare losses or costs of water restrictions to domestic consumers during the 
millennium drought (Connor et al., 2011; Grafton and Ward, 2008). These costs were estimated both in Adelaide, the 
largest urban water user in the Basin, and in South Australian country towns, which have few alternative water supplies. 
This analysis found that there is no difference in the likelihood of water shortages for Adelaide between the baseline and 
2800 scenario – as a consequence of the new critical human water need rules that are embedded in the 2800 scenario –
but that consumers in South Australian country towns benefit from fewer restrictions under the 2800 scenario relative to 
the baseline scenario. This benefit was estimated at AU$0.2 million a year in the period from 1998 to 2008 (Figure 6.2
and Figure 6.3). The average annual probability-weighted cost of water restrictions under the baseline scenario for South 
Australian country towns was estimated at AU$0.159 million under the baseline scenario and AU$0.157 million under the 
2800 scenario. Thus, the average annual avoided cost of restrictions under the 2800 scenario over this period was 
estimated at AU$0.002 million. 
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Figure 6.2 Annual cost (AU$ million) of water restrictions to Adelaide between 1998 and 2008 under the baseline and 
2800 scenarios
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Figure 6.3 Annual cost (AU$ million) of water restrictions to South Australian country towns beteen 1998 and 2008 under the 
baseline and 2800 scenarios
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6.4.2 Fresh water (quantity): dredging the Murray Mouth
In a high-profile defensive spending case, the South Australian Government committed AU$32 million to dredging the 
Murray Mouth in the period from 2002 to 2010. This project explicitly assumed that costs were linear over this period, i.e. 
that annual costs averaged AU$3.56 million. This was the second time that the mouth has been dredged, the first time 
being in 19816. The dredging program was designed to mitigate hypersaline conditions by maintaining the natural 
connectivity between freshwater, estuarine and marine ecosystems (Webster, 2010). The CIE report (2011) provided a
probability-weighted estimate of reduced dredging costs under their 3000 GL scenario of AU$1.82 million. In this report 
MDBA flow scenarios provided data on the Mouth Opening Index; it is used as an indicator of the risk of mouth closure7
There are likely habitat- and recreation-related ecosystem service benefits that stem from an open Murray Mouth and the 
ecosystem states of the Ramsar Coorong site that depend on the free exchange between freshwater and marine 
ecosystems. Under the 2800 scenario, the years spent in a degraded ecosystem state – similar to the state that occurred 
during the millennium drought – might be less likely and in turn this would mean that the Coorong would spend less time 
in recovery. In fact, modelling of ecosystem states in the Coorong presented in Chapter 3 does show that the Coorong is 
less likely to be in an ‘unhealthy marine’ and ‘degraded hypersaline’ ecosystem state under the 2800 scenario relative to 
the baseline scenario. In turn, although it is hard to quantify, it is likely that the greater time spent in healthier ecosystem 
states will mean a greater flow of benefits from the ecosystem services of recreation and habitat.
.
A suitable statistic is the percentage of years that the minimum Mouth Opening Index for that year is less than 0.05, with 
the water year defined as from October through September. This water year is chosen because low-flow periods typically 
end before September. This indicator can be described as the percentage of years with a risk of mouth closure (Close, 
2002). Under the baseline scenario, there are 3108 days when the Mouth Opening index is less than 0.05 compared to 
just 397 days under the 2800 scenario. For water years starting in October and ending in September, there are 5 years
under the baseline scenario when the average Mouth Opening Index is less than 0.05: 1902–03 (0.018), 1944–45
(0.017), 2006–07 (0.042), 2007–08 (0.073), 2008–09 (0.000, note this is October to June only). There are 4 other years
when the Mouth Opening Index is greater than 0.05 but less than 0.06: 1897–98, 1929–30, 1945–46 and 2002–03.
There are no water years under the 2800 scenario that breached this Mouth Opening Index threshold. The modelling 
indicates that it is less likely that the mouth will close under the 2800 scenario and therefore future dredging costs are 
unlikely to be a large future expenditure. An estimate of the avoided costs under the 2800 scenario relative to the 
baseline scenario is AU$17.78 million (5 years dredging at AU$3.56 million annually).
6.4.3 Fresh water (quality): salinity
In order to assess Basin-wide riverine salinity benefits under the 2800 scenario, catchment-specific salinity models would 
have to be updated to reflect the recovery of 2800 GL/year of water for the environment. For the current analysis, the 
output from MSM-BigMod was used as input to estimate the benefits that may accrue from greater dilution. However, 
there are unanswered science questions about how environmental watering itself may mobilise salts in the floodplain and 
deliver them to the main river channel, in turn affecting riverine water quality. These are important caveats to this section. 
There is therefore uncertainty in the assessment of riverine salinity benefits.
Salinity benefits are estimated using avoided cost methodology. Avoided costs are those costs not borne by water users, 
residential and commercial water users as well as agricultural water users, due to lower salinity concentrations. The 
period of analysis was restricted by data availability. High salinity levels damage industrial boilers and pipes, residential
plumbing fixtures and fittings, hot water systems, water filters, rainwater tanks and water softeners. To estimate avoided 
costs, the household and commercial salinity damage functions from Allen Consulting Group (2004) were estimated after 
Connor et al. (2011) under the baseline and 2800 scenarios, see Figure 6.4. In the period from 1996 to 2008, average 
annual salinity residential and commercial damage costs were estimated as AU$3.1 million higher under the baseline 
scenario relative to under the 2800 scenario – this is an avoided cost under the 2800 scenario. Frequency distribution 
curves were fitted to salinity data from 1975 to 2009 and analysed. The probability-weighted avoided damage cost under 
the 2800 scenario is estimated at AU$0.1 million per year.
6 See <http://www2.mdbc.gov.au/subs/dynamic_reports/foundation_report/6.html>. 
7 There are other more physically based measures of mouth opening (based on Ian Webster’s research) that are not presented here.
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Figure 6.4 Annual cost (AU$ million) of salinity to urban water users between 1996 and 2008 under the baseline and 
2800 scenarios 
The savings for agricultural water users are higher. Using a salinity damage/yield reduction function from GHD (1999) the 
benefit was estimated as the difference in the damage costs under the baseline and 2800 scenarios. Figure 6.5 shows 
that the costs, or lost revenues, are higher under the baseline scenario relative to the 2800 scenario. In the period from 
1996 to 2008, these benefits were estimated to be an average AU$29 million/year. The probability of salinity levels 
modelled for each year between 1996 and 2008 was estimated by analysing the frequency of occurrence of salinity 
levels of equal magnitude in the 33-year period between 1975 and 2008. This was calculated at 3.03%. The probability-
weighted cost of salinity level in each year was then estimated by multiplying the probability of the salinity level occurring
by the costs of salinity to agriculture calculated for that year. The probability-weighted avoided damage cost under the 
2800 scenario was estimated to be AU$1 million per year.
The CIE (2011) study estimated the annual benefits of reduced salinity to be AU$12.6 million under their 3000 GL 
scenario relative to their baseline scenario. This estimate is also included in Table 6.7.
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Figure 6.5 Annual decline in revenue (AU$ million) from irrigated agriculture due to increase in soil salinity levels in the Murray
between 1996 and 2008 under the baseline and 2800 scenarios
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6.4.4 Fresh water (quality): cyanobacterial bloom formation
This section provides an estimate of the recreation, monitoring and treatment benefits associated with reduced risk of 
cyanobacterial blooms under the 2800 scenario relative to the baseline scenario. Cyanobacterial blooms are a risk to 
human health (NHMRC, 2008). Blooms are expensive to monitor (NHMRC, 2008)8
Lost recreation days as a consequence of cyanobacterial blooms are expected to reduce under the 2800 scenario (see 
Table 4.4), confirming previous research (CIE, 2011). A bloom renders a body of water unswimmable and unfishable (as 
cooking fish and yabbies does not kill toxins); in addition, odour or risk may also mean many recreationalists avoid 
boating. Table 4.4 reports that under the 2800 scenario the mean number of risk days per year declines at five out of six 
sites modelled, from an average 66 risk days under the baseline scenario to an average 54 risk days under the 
2800 scenario. There are insufficient temporal and spatial data to statistically correlate cyanobacterial risk and 
recreational benefits. If a relationship could be established that linked risk and likely water body closures, and other 
confounding economic and demographic factors could be accounted for, including recreation response at alternative 
sites, it would be possible to estimate recreational benefits under the 2800 scenario. Benefit transfer estimates from 
Morrison and Hatton MacDonald (2010) could be used to estimate the monetary value of recreation benefits.
, affect irrigators and water utilities, 
and close recreational areas. In the summers of 2009 and 2010 the River Murray experienced cyanobacterial blooms. 
Water quality was impacted from Lake Hume to Echuca/Moama for five weeks in both years. Downstream from the 
Torrumbarry Weir, the bloom was ephemeral, lasting just one week during both blooms. The blooms moved downstream 
from the weir to Euston-Mildura over a three- to four-week period. Blooms often occur during summer and therefore 
coincide with peak recreation periods as well as peak residential and agricultural water demand. This increases the costs 
associated with blooms. Modelling results presented in Table 4.4 indicate that cyanobacterial blooms are likely to occur 
less frequently and for shorter duration under the 2800 scenario relative to the baseline scenario. The benefits from 
reduced frequency and duration are likely to accrue to recreationalists, to state agencies in terms of reduced monitoring 
costs, to irrigators, and to water utilities. An estimate of the benefits to irrigators is not provided. 
Although a more comprehensive study is not possible, a simple study using the data available is reported which 
estimates the potential recreation benefits of reduced risk of cyanobacterial bloom under the 2800 scenario. Tourism 
Research Australia provided annual overnight visitor data by statistical local area. Annual visitor data for those 
64 statistical local areas within 70 km of the River Murray from Lake Hume to Mildura for the period from 2003 to 2010 
are reported in Table 6.8. On average, these statistical local areas received 279,000 visitor nights per week over the 
period, which is likely to be an underestimate of weekly visitors during the summer peak period. However, to be 
conservative, the benefits were estimated, assuming one-fifth and two-fifths of the overnight stays were associated with 
river recreation (DRET (2010) survey responses reported 20% of visitors fish, swim or take a paddle steamer ride and 
40% picnic or barbeque in a park or national park). It was also assumed that these visitors do not recreate elsewhere in 
the Basin. The difference in risk days is 12 days or 1.7 weeks. Therefore, the number of potential visitor nights that might 
be lost during a bloom is around 119,000 to 239,000 overnight visitors. The General Recreation value from Morrison and 
Hatton MacDonald for the Murray (AU$55.40) was used to estimate the annual value of this recreation benefit to be 
around AU$5.29 million to AU$10.58 million (in 2010 dollars). This estimate does not include the benefit to local 
residents who visit the river and other day trippers. This market segment is likely large; for instance, DRET (2010) 
reported that day trips exceed overnight trips in the River Murray region.
Table 6.8 Annual overnight visitor numbers (‘000s) to the 64 statistical local areas within 70 km of the River Murray from Lake 
Hume to Mildura, 2003 to 2010
2003 2004 2005 2006 2007 2008 2009 2010
Overnight visitor numbers (‘000s) 15,450 16,600 14,262 14,775 13,353 13,114 14,114 14,209
Ratio to 2003 to 2010 average 1.07 1.14 0.98 1.02 0.92 0.90 0.97 0.98
8 A summary of the monitoring regime follows by alert level: green – weekly sampling where toxigenic species are known to be present 
and fortnightly for other areas; amber – increase sampling frequency to twice a week where species are known to be present and 
weekly or fortnightly in other areas; red – continue monitoring as for amber but notify health authorities and make toxicity 
assessment/measurement if not already done, and warn of risk to public health if necessary.
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Perhaps surprisingly, given the severity of cyanobacterial blooms, record keeping is patchy. For instance, in New South 
Wales, regionalisation of this task without clear guidelines led to inconsistent record keeping. Four years ago the Office 
of Water was restructured and centralised and a State Algal Coordinator position was created. Since that time records on 
alert levels (nil – no action, green – surveillance mode, amber – alert mode, red – action mode), based on the 2008 
National Health and Medical Research Council recreational water quality guidelines (NHMRC, 2008)9
Water utilities that supply drinking water to towns and cities across the Basin are faced with the challenge of monitoring 
and, when present, treating cyanobacteria. Cyanobacterial growth rates and modelled risk days were used to estimate 
the cost of treating drinking water at the six sites modelled. The average expected cost of treating water at the six 
locations under the 2800 scenario is AU$8 per ML less than under the baseline scenario (
, have been 
recorded (pers. comm. Lee Bowling). The reduced risk of cyanobacterial blooms under the 2800 scenario is likely to 
reduce monitoring, testing and management costs relative to the baseline scenario. These savings are likely 
considerable. For example, one study (Atech Group, 1999) estimated annual management costs associated with blooms 
in the Basin at AU$9 million, while the New South Wales Office of Water estimated the annual costs of monitoring, 
managing and investigating cyanobacterial blooms in New South Wales to be AU$1 million in the 2008–09 and 2009–10 
seasons. An additional AU$0.3 million was spent on laboratory tests (CIE, 2011). The number of risk events declines by 
9% under the 2800 scenario relative to the baseline scenario to an average of 1.38 per year. Assuming the costs of 
monitoring and testing are linear, the annual benefit of reduced risk of cyanobacterial blooms under the 2800 scenario in 
New South Wales is around AU$0.11 million or AU$0.79 million for the Basin.
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Figure 6.6 Expected cost (AU$ per ML) of treating cyanobacterial blooms at six locations in the Murray–Darling Basin under 
the baseline and 2800 scenarios
Using the average annual volume of water extracted and treated for potable town use at the six locations (65 GL), 
savings under the 2800 scenario were estimated to be AU$0.9 million. The actual benefits of reduced risk of 
cyanobacterial blooms are likely higher because other towns, not modelled here, also draw water from the river;
additionally, these estimated treatment costs do not include the costs of monitoring and measuring cyanobacterial 
blooms. Also, in the absence of a detailed cyanobacterial treatment cost function, the rate of change of unit cost of 
treatment with respect to concentration is not adequately captured in this analysis. In extreme cases of cyanobacterial
blooms, it would be economically inefficient to treat high toxin concentration levels, and water utilities would need to 
invest in alternative sources of supply. 
These estimated costs of cyanobacterial blooms are low compared to other estimates. For instance, one study (Atech 
Group, 1999) estimated the annual costs of algal blooms to be between AU$180 and AU$240 million (in 2000 dollars). 
The Atech Group study was more comprehensive in looking at the costs to all extractive users: urban and rural 
(AU$95 million); stock and domestic (AU$45 million); irrigation water supply (AU$15 million); as well as to non-extractive 
9 This paragraph is based on conversations with Lee Bowling, Principal Limnologist, State Algal Coordinator, New South Wales Office of 
Water on 6–8 September 2011.
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users (AU$76 million to AU$136 million). The New South Wales Office of Water commissioned a study to estimate the 
socioeconomic costs associated with blooms and again these estimates are high at AU$121 million/year (CIE, 2011). 
The incremental benefits between the baseline and 2800 scenarios using such an approach would of course be much 
smaller than the total annual cost of blooms. 
6.4.5 Fresh water (quality): blackwater events
The blackwater event in summer 2010–11 (December through April) occurred during natural floods.10 Blackwater events 
are not a risk to human health; however, low dissolved oxygen in waterways can result in fish deaths and therefore 
indirectly affect fishing activity. During the 2010–11 blackwater event, the New South Wales Department of Primary 
Industries recommended that anglers ‘voluntarily limit their catch to minimise further impacts on native fish populations’.11
An environmental watering event could result in a blackwater event, or it could be used to mitigate the negative impacts 
of a natural blackwater event by releasing oxygen-rich water (likely impossible during a flood but possible as the flood 
recedes) to improve water quality and habitat suitability for fish.
Blackwater flood events are associated with reduced recreation and tourism because a flooding river can be dangerous 
for boating and swimming. 
12
Linking the likelihood of blackwater events to an incremental recreational impact would require the following steps:
Modelling reported in Figure 4.3c shows that the 
likelihood of potentially hypoxic blackwater events (potential dissolved oxygen drawdown (PDOD) greater than 6 mg/L) is 
likely to decline by around 25% under the 2800 scenario relative to the baseline scenario. Blackwater risk conditions that 
coincide with peak holiday seasons (i.e. summer and Easter break) could impact recreation in the affected river stretch;
however, this information is not available from the current modelling, because the blackwater model is not a daily model. 
Nevertheless, such events are most likely during the summer months and the model results report that the RiM-FIM 
zones with the highest number of years with a likelihood of potentially hypoxic blackwater events are all key recreational 
areas for houseboating, swimming and fishing. The reduction in the likelihood of conditions favourable for blackwater 
events is therefore a benefit to recreation. For instance, at the Barmah reach (RiM-FIM zone 3 in Figure 4.3c), the 
number of years with potential dissolved oxygen drawdown greater than 6 mg/L is nearly 60 under the baseline scenario 
compared to 12 fewer years under the 2800 scenario. This reduction in risk likely translates into fewer fish deaths and 
fewer disruptions to recreation activity in the Basin.
x a primary study – survey, travel cost or desktop statistical – that links blackwater events with changes in 
recreation and tourism visits
x estimates of possible shifts in recreation and tourism within and outside of the Basin
x estimates of recreation and tourism daily spends, including benefit transfer (e.g. Morrison and Hatton 
MacDonald, 2010).
There are inadequate temporal and spatial data to complete a comprehensive study for this report. A simple study like 
that undertaken here for cyanobacterial blooms provides some information on the potential benefits under the 2800 
scenario. The assumptions were: (i) the average reduction in years with a potential dissolved oxygen drawdown greater 
than 6 mg/L under the 2800 scenario for the six regions listed in Figure 6.6 is 6 years; (ii) the impact period is between 
1 to 2 months (1.5 months used here); and (iii) 20% to 40% of all visitors visit the region to recreate in or near the river,
and it is assumed a quarter still visit during the blackwater event (blackwater events – unlike cyanobacterial blooms – are 
not hazardous to human health). Under these assumptions, total annual recreation benefits were estimated to be 
between AU$5.02 and AU$10.04 million (in 2010 dollars). Note that the risk of blackwater events under the 2800 
scenario is for 6 fewer years.
10 Details of the blackwater event including information on which areas were affected and whether critical levels of dissolved oxygen 
were breached can be found in the MDBA’s Water Quality Bulletin.
11 See <http://www.dpi.nsw.gov.au/fisheries/habitat/threats/fish-kills/black-water-events-causing-fish-kills-in-the-murray-and-
murrumbidgee-river-catchments>.
12 This happened in the Goulburn River where environmental water was released to improve water quality for fish (Water Quality 
Bulletin, 10 January 2011, <http://www.mdba.gov.au/files/Water-Quality-Bulletin-10-january-2011.pdf>).
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6.4.6 Fresh water (quality): acid sulfate soils 
Acid sulfate soils are ‘extensive throughout many wetlands along the lower River Murray in South Australia and in the 
western part of the Edward–Wakool River System in New South Wales … Of the Ramsar-listed wetlands, acid sulphate 
soils were found at … Banrock Station wetland complex, Riverland, some lakes in the Kerang Wetlands and … the 
Lower Lakes … other Ramsar wetlands … had elevated levels of sulphate … indicating the potential for acid sulphate 
soils to form in the future if water levels in these wetlands are kept high for unnaturally long periods. This is an important
input into the future management of these ecologically significant sites’ (Baldwin, 2011). In addition to negative impacts 
on key ecological sites, including Ramsar wetlands, acid sulfate soils are also a hazard to ‘water quality; biodiversity, 
human health; commercial and recreational fisheries; engineered structures; community infrastructure; agricultural 
productivity; real estate values; and scenic amenity and tourism’ (EPHC and NRMMC, 2011, p. 4).
The South Australian government funded AU$10 million in revegetation works around lakes Albert and Alexandrina with 
aerial seeding of exposed lakebeds and seedlings planting. In addition, AU$24 million was spent on acid sulfate soil 
remediation consisting of AU$10 million on liming and AU$14 million on pumping water from Lake Alexandrina to Lake 
Albert. Another aspect to this program was the purchase of 97.6 GL for an environmental water reserve for the Lower 
Lakes (Department for Water, 2011). The cost of this water is estimated here to be AU$49.1 million.13
6.5 Carbon sequestration
The total cost of 
remediation and contingency measures to the South Australian government was AU$83.1 million. Again, as for dredging 
costs, a linear relationship between costs and time is assumed, i.e. an average AU$9.23 million in costs per year in the 
period from 2002 to 2010. In order to calculate incremental benefits, it is important to note thresholds associated with 
acid sulfate soils and if there are significant changes expected between the 2800 and baseline scenarios. Section 4.3
identified critical management thresholds to prevent widespread acidification (noting that in some areas the risk of 
localised lake acidification will remain): below –0.75 mAHD for Lake Albert and below –1.75 mAHD for Lake Alexandrina. 
Hydrologic modelling results presented in Table 4.2 for Lake Alexandrina indicate that under the baseline scenario the 
risk that a (higher) 0.0 mAHD level threshold will be breached is six events, with the longest below-threshold event being 
539 days, compared to zero under the 2800 scenario. For a –0.5 mAHD level there is risk for one event under the 
baseline scenario and a zero risk under the 2800 scenario. The risk-weighted avoided cost under the 2800 scenario was 
estimated to be AU$9.23 million, assuming that remediation costs were linear during the millennium drought and that 
future costs would be of similar magnitude. This estimate does not include any costs associated with the risk of acid 
sulfate soils in other catchments.
Total carbon dioxide equivalents reported in Table 5.5 were multiplied by AU$23 per tonne, the initial price placed on 
carbon dioxide equivalents under the Australian Government’s carbon tax legislation. The total value of the carbon 
stocks held by native vegetation (river red gum and black box) maintained in a healthy condition under the 2800 scenario 
relative to the baseline scenario was estimated at AU$120 million to AU$1 billion. The range is values is a result of the 
different carbon stocks in different vegetation systems and different locations. Different carbon prices would result in 
different benefit values, for example if carbon prices were based on marginal damage estimates or the European Union’s 
emission trading scheme. For example, carbon dioxide equivalents have been trading in the range of €8 to €10 (AU$10 
to AU$12.50) per tonne on the European Union’s emission trading scheme over the period from Febrary 2012 to
March 2012. It is not certain whether this additional carbon is tradeable into a carbon market: it would have to meet
stringent rules of existing or proposed markets.
13 There is no information on when the water was purchased. It was assumed that the water was purchased in 2009. An adapted version 
of Brennan’s (2006) regression equation reported in Connor et al. (2011) was used to estimate temporary water allocation prices.
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6.6 Erosion prevention and maintenance of soil fertility
6.6.1 Avoided cost
During the millennium drought, highly localised costs of bank collapse were borne by landowners (i.e. landings and 
marina losses) and the South Australian Government (i.e. road collapse). The exact cause of bank instability and 
slumpage is unknown but is likely a result of low river height which desiccated the banks leaving them unstable 
(Department for Water, 2010, p. 16). River bank collapse below Lock 1 in South Australia was a serious outcome. 
Connor et al. (2011) estimated the cost of riverbank collapse including property damage and monitoring (e.g. Riverbank 
Collapse Hazard Program) to be AU$12.52 million. Related expenses were levee bank remediation, laser levelling 
remediation, and repairs to bridges, ferry landings and pipelines. These costs were estimated to be AU$94.38 million. 
Total costs of mitigating erosion and soil maintenance regulating ecosystem service losses during the millennium drought 
in South Australia were estimated to be AU$106.9 million (a linear relationship between costs and time was assumed,
i.e. that costs were AU$11.88 million a year). It is likely that changes in how the river is managed under the 2800 
scenario might prevent many of these adverse outcomes from re-occurring. Under the 2800 scenario, more water goes 
over the barrages (an average of 6857 GL/year compared to 4878 GL/year under the baseline scenario) which is likely to 
reduce the risk of bank collapse under the 2800 scenario. If a threshold for bank slumpage were known (i.e. river height 
must not fall below x metres for y days) it might be possible to estimate a probability-weighted annual benefit from the 
above data. For example, average modelled flow during the millennium drought at Lock 1 was 2696 GL. If this threshold
is used, there are 32 years under the baseline scenario and 12 years under the 2800 scenario with flow less than this 
threshold. Assuming that 4 consecutive years of low flow are required to destabilise banks, there are two such spells 
under the baseline scenario and none under the 2800 scenario. Under these assumptions, the risk-weighted avoided 
cost is estimated to be AU$23.76 million under the 2800 scenario.
Table 6.9 Monetary value of benefits of erosion prevention (AU$ million) for the Murray region
Valuation methodology Monetary value of benefits of erosion prevention
AU$ million
Murray
Expenditure during the
millennium drought $106.9
Estimated avoided cost, under 
the 2800 scenario relative to 
the baseline scenario
$23.76
6.6.2 Benefit transfer
The Economics of Ecosystems and Biodiversity (TEEB, 2010; de Groot et al., in review) compiled a global database of 
ecosystem service values across the world’s 11 biomes, including inland wetlands. The database contains some 700 
robust values for the 22 TEEB ecosystem services. The values can be used in a benefit transfer process to provide 
indicative values for the supply of ecosystem services. From the TEEB (2010) database, the erosion prevention 
ecosystem service for the inland wetlands biome contains a value of US$84/ha/year (AU$80/ha/year). Transferring this 
value to the increased area of the floodplain that remains in good health under the 2800 scenario relative to the baseline 
scenario (as calculated in Section 5.5) results in an increased value of the ecosystem service of erosion prevention and 
maintenance of soil fertility of about AU$4 million/year under the 2800 scenario relative to the baseline scenario.
6.7 Moderation of extreme events
The difference in storage dynamics between the baseline and 2800 scenarios has not been assessed in this report. An 
earlier report by CIE (2011) estimated the reduced annual cost of flooding at AU$0.23 million (in 2010) under their
3000 GL scenario relative to their baseline scenario. This reduction results from the changed management of storages to 
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deliver environmental water. The way storages and carryover will actually be used remains to be seen, but the CIE value 
assumed that there will be less water in storages and therefore more capacity to store and hence mitigate and/or 
regulate flood flows. 
Table 6.10 Monetary valuation of benefits of moderation of extreme events (flood moderation) (AU$ million) for the 
Murray–Darling Basin
Valuation methodology Monetary value of benefits of moderation of extreme events (flood moderation)
AU$ million/year
Whole-of-Basin
Avoided cost, annualised (in 2010 
dollars), using CIE (2011) results 
(under their 3000 GL scenario relative 
to their baseline scenario)
$0.23
6.8 Aesthetic appreciation and cultural inspiration
Unlike private goods, the demand for environmental amenities, such as environmental water flow, cannot be directly 
observed in the market. However, the demand for and value of environmental amenities can be inferred from market 
transactions of private goods, such as the sales of properties (Freeman, 2003). This section uses hedonic modelling to 
value the aesthetic appreciation benefits of increased river flow and lake level height in the Basin. 
Model specification
Using the theoretical framework for residential property markets proposed by Rosen (1974) and later expanded by 
Freeman (1974), a property can be considered as a multi-attribute good that consists of structural attributes (e.g. 
bedrooms, bathrooms, land area), neighbourhood attributes (e.g. distance to town centre, distance to transportation 
systems) and environmental attributes (e.g. distance to environmental amenities, area of environmental amenities and 
quality of environmental amenities). This theoretical framework can be used to estimate the value of environmental 
amenities that is capitalised in property prices. The general specification for the hedonic property price regression is:
)D,W,F,E,N(Sf=P iijijiiii , (1)
where:
iP is the CPI-adjusted selling price (to 2010 value) of property i
iS is a vector of structural attributes of property i
iN is a vector of neighbourhood attributes of property i
iE is a vector of environmental attributes associated with property i
ijF is a vector of flow attributes associated with the nearest KEAj to property i
ijW is a vector of environmental water requirement attributes associated with the nearest KEAj to property i
iD is a dummy variable to express the sales quarter and year of property i
KEA is a hydrologic indicator site for key environmental assets
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A number of functional forms were considered for each of the hedonic models. Economic theory offers little guidance on 
functional form but suggests that the selling price of a property is likely to vary non-linearly with some of the attributes of 
the house or neighbourhood (Taylor, 2008). Box-Cox transformation was used to guide model fit. A semi-log functional 
form was used for the hedonic price function with a natural log transformed sale price. In order to capture non-linearities 
in the relationship between the natural log of sale prices and the independent variables, we also have log transformed, 
squared, as well as the inverse of independent variables.
The main amenities of interest were the 18 hydrologic indicator sites for key environmental assets in the Basin. This 
analysis particularly focuses on flow-related amenity attributes. The challenge is to relate river flow to housing purchase 
behaviour. Only then can such inferences be extended to expected incremental benefits associated with enhanced 
ecological condition under the 2800 scenario. In the case of the Basin, the 2800 scenario is expected to enhance 
property sales prices as this scenario increases flow and water level in many rivers, lakes and wetlands, which in turn 
improves their aesthetic appeal to homebuyers. In support of this claim, a study in the United States by Landsford and 
Jones (1995) found that for an average home that is worth US$125,000, the sales price will increase by US$6,800 if lake 
level three months prior to sale is six feet above the average lake level over the three-year period.
Marginal implicit price
A marginal implicit price (MIP) value is the extra expenditure required to purchase an additional unit of an attribute. From 
the hedonic property price function estimated in Equation (1), the partial derivative with respect to any of the variables 
(i.e. property characteristic) gives the marginal implicit price of that characteristic. In the case of flow, the marginal implicit 
price shows the marginal change in sales price if flow were to change by an average 1 ML per day for the month. As for 
lake level, the marginal implicit price shows the change in sales price if lake level were to change by an average 1 m per 
day for the month.
Aesthetic appreciation value
Changes in flow to a hydrologic indicator site can increase the price of nearby properties due to the improved aesthetic 
qualities of the site. The aesthetic appreciation value is specified as:
useholds]*No of HoSale[SaleonappreciatiAesthetic Base 2800 (2)
where 2800Sale and BaseSale are estimated at the 2800 and baseline scenario levels, respectively, and at the mean of all 
other variables. eholdsNo of Hous is based on the actual number of properties that are within the average distance 
to the hydrologic indicator site. The estimated aesthetic appreciation value is based on the assumption that if a property 
were to experience a change in flow to the nearest hydrologic indicator site, there will be a corresponding change in 
sales price. The difference in sales price between the two flow scenarios aggregated over all properties within an area 
near the hydrologic indicator site is an estimate of the aesthetic appreciation value.
Data collection
Three main types of data were collected for this analysis: property sales data, geospatial data and flow data. A full list of 
variable names and variable description are provided in Table 6.11.
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Table 6.11 List of variable names and variable description
Variable name Description
area Property size (sqm)
beds Number of bedrooms
baths Number of bedrooms including ensuites
garage Number of parking spaces in carport and garage
age Age of house in years
agland Dummy variable, agland=1 if land use is classified as agriculture, 0 if classified as residential
tourist Dummy variable, tourist=1 if the nearest town to the property is classified as a tourist destination, otherwise tourist=0
caravan Dummy variable, caravan=1 if the nearest town to the property has a caravan park, otherwise tourist=0
_Iunitafe_1 Dummy variable, unitafe=1 if the nearest town to the property has a university or TAFE, otherwise tourist=0
dairport Distance from the property to the nearest airport via road network
dtrain Distance from the property to the nearest train station via road network
dtown Distance from the property (m) to the nearest town centre via road network
dmel Distance from the property (m) to Melbourne GPO via road network
dsyd Distance from the property (m) to Sydney GPO via road network
keafront Dummy variable, keafront=1 if the property is within 200 m of the key asset, otherwise keafront=0
lakefront Dummy variable, lakefront=1 if the property is within 200 m of a lake or wetland, otherwise lakefront=0
conserfront Dummy variable, conserfront=1 if the property is within 200 m of a nature conservation area, otherwise conserfront=0
riverfront Dummy variable, riverfront=1 if the property is within 200 m of the river, otherwise riverfront=0
distkea The Euclidean distance to the nearest key asset (m)
d_conser The Euclidean distance to the nearest nature conservation area (m)
a_conser The area (in ha) of the nearest nature conservation area
d_lake The Euclidean distance to the nearest lake (m)
a_lake The area (in ha) of the nearest lake
driver The Euclidean distance to the river edge (m)
rainprior3 Monthly average rainfall (3 months prior to sale) for the LGA that the property is located in 
tempprior3 Monthly average temperature (3 months prior to sale) for the LGA that the property is located in
ndvimeanprior3 Monthly average greenness index (3 months prior to sale) for the LGA that the property is located in
mflowp3 The average monthly flow (ML), 3 months prior to sale, measured at the nearest key asset
redgump3 EWR for redgum, 3 months prior to sale,
wetlandp3 EWR for wetland, 3 months prior to sale,
grasslandp3 EWR for grassland, 3 months prior to sale,
blackbboxp3 EWR for black box, 3 months prior to sale,
lakelevelp3 Average daily lake level in Lake Alexandrina (metres above sea level)
Ieuctype_~2 Type of nearest lake (perennial or non-perennial)
Ieuctypri~2 Type of nearest river (perennial or non-perennial)
_Isaleyqb1 The property was sold in 2001 Quarter 1 (omitted from model as baseline)
_Isaleyqb2 The property was sold in 2001 Quarter 2
_Isaleyqb3 The property was sold in 2001 Quarter 3
_Isaleyqb4 The property was sold in 2001 Quarter 4
_Isaleyqb5 The property was sold in 2002 Quarter 1
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Table 6.11 List of variable names and variable description (continued)
Variable name Description
_Isaleyqb6 The property was sold in 2002 Quarter 2
_Isaleyqb7 The property was sold in 2002 Quarter 3
_Isaleyqb8 The property was sold in 2002 Quarter 4
_Isaleyqb9 The property was sold in 2003 Quarter 1
_Isaleyqb10 The property was sold in 2003 Quarter 2
_Isaleyqb11 The property was sold in 2003 Quarter 3
_Isaleyqb12 The property was sold in 2003 Quarter 4
_Isaleyqb13 The property was sold in 2004 Quarter 1
_Isaleyqb14 The property was sold in 2004 Quarter 2
_Isaleyqb15 The property was sold in 2004 Quarter 3
_Isaleyqb16 The property was sold in 2004 Quarter 4
_Isaleyqb17 The property was sold in 2005 Quarter 1
_Isaleyqb18 The property was sold in 2005 Quarter 2
_Isaleyqb19 The property was sold in 2005 Quarter 3
_Isaleyqb20 The property was sold in 2005 Quarter 4
_Isaleyqb21 The property was sold in 2006 Quarter 1
_Isaleyqb22 The property was sold in 2006 Quarter 2
_Isaleyqb23 The property was sold in 2006 Quarter 3
_Isaleyqb24 The property was sold in 2006 Quarter 4
_Isaleyqb25 The property was sold in 2007 Quarter 1
_Isaleyqb26 The property was sold in 2007 Quarter 2
_Isaleyqb27 The property was sold in 2007 Quarter 3
_Isaleyqb28 The property was sold in 2007 Quarter 4
_Isaleyqb29 The property was sold in 2008 Quarter 1
_Isaleyqb30 The property was sold in 2008 Quarter 2
_Isaleyqb31 The property was sold in 2008 Quarter 3
_Isaleyqb32 The property was sold in 2008 Quarter 4
_Isaleyqb33 The property was sold in 2010 Quarter 1
_Isaleyqb34 The property was sold in 2010 Quarter 2
_Isaleyqb35 The property was sold in 2010 Quarter 3
_Isaleyqb36 The property was sold in 2010 Quarter 4
_Isaleyqb37 The property was sold in 2011 Quarter 1
_Isaleyqb38 The property was sold in 2011 Quarter 2
For Victoria
_Iregion_1 The property is located in the Campaspe region (omitted from model as baseline)
_Iregion_2 The property is located in the Goulburn–Broken region
_Iregion_3 The property is located in the Loddon region
_Iregion_4 The property is located in the Murray region
_Iregion_5 The property is located in the Ovens region
_Iregion_6 The property is located in the Wimmera–Avoca region
172 ƒ Assessment of the ecological and economic benefits of environmental water in the Murray–Darling Basin
Table 6.11 List of variable names and variable description (continued)
Variable name Description
For New South Wales
_Iregion_1 The property is located in the Barwon–Darling region (omitted from model as baseline)
_Iregion_2 The property is located in the Border Rivers region
_Iregion_3 The property is located in the Gwydir region
_Iregion_4 The property is located in the Lachlan region
_Iregion_5 The property is located in the Lower Darling region
_Iregion_6 The property is located in the Macquarie–Castlereagh region
_Iregion_7 The property is located in the Murray region
_Iregion_8 The property is located in the Murrumbidgee region
_Iregion_9 The property is located in the Namoi region
For South Australia
_Iregion_1 The property is located in the Eastern Mount Lofty Ranges (omitted from model as baseline)
_Iregion_2 The property is located in the Murray
_cons The intercept term
Note:
ln – ‘ln’ in front of a variable name means the log of the variable
inv – ‘inv’ in front of a variable name means the inverse of the variable
2 – ‘2’ behind a variable name means the squared value of the variable
3 – ‘3’ behind a variable name means the cubed value of the variable
Property sales data
Property sales data for Victoria were acquired from the Valuers General Office, Victoria. Property sales data for New 
South Wales and South Australia were obtained from RP Data, a private company with an extensive database of 
property sales information in Australia. Sales data for all three states spanned from 2000 to 2011. All sales prices were 
adjusted using consumer price index to the 2010 price level (Reserve Bank of Australia, 2011). The rationale for using 
this time period is to look at the effects of the millennium drought on property prices over the lifecycle of the drought. This 
dataset consists of the market sales price, sales date and structural attributes of the property. Although the datasets for 
New South Wales and South Australia were obtained from the same source, due to the different way in which sales data 
is collected by the state itself, there are some variations in what type of data is available for each state. Attributes for 
property sales data in Victoria are also different. However, there are some common attributes that are available for all 
three states which are critical to the hedonic property price model. These attributes include sales price, sales date, 
number of bedrooms and land area. 
Geospatial data
Values associated with environmental and neighbourhood attributes, such as distance to the nearest wetland or distance 
to the nearest airport, were calculated in ArcGIS (ESRI, 2010). Environmental amenities that were considered to add 
value to property prices in this study were conservation parks, lakes/wetlands, rivers and the 18 hydrologic indicator 
sites. Proximity or distance variables were calculated using the ArcGIS Network Analysis extension (ESRI, 2010). 
Euclidean distance from the property centroid to the nearest feature was calculated using a spatial join operation. Where 
the area of a feature was attributed in the feature dataset then this area was used. Otherwise, the area was calculated 
using the ArcGIS calculate geometry operation. The monthly greenness index (NDVI) and climate data (rainfall and 
temperature) were summarised by Local Government Area using zonal statistics operations.
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Flow data
Observed average daily flow data for each month were obtained from the MDBA for each of the hydrologic indicator sites 
in the Basin. The Coorong, Lower Lakes, and Murray Mouth was the only exception, where average daily lake level for 
the month in Lake Alexandrina was used instead of flow. Flow data (or lake level) at a particular time of year were then 
matched to the time of sales of the property. For this analysis, average daily flow for the month (or lake level) three 
months prior to the sales date was examined. The three-month time frame was chosen as it is representative of the time 
period lapsed between the time at which prospective home buyers search for a new home and the sale date. This choice 
of time frame is also consistent with Landsford and Jones (1995). 
Deriving environmental water requirement values
Because there are no direct month-by-month measurements of ecological condition across the Basin, the observed flow 
data has also been used to assess, in a broad sense, the degree to which the 18 hydrologic indicator sites have received 
sufficient water to meet their ecological needs. This is argued to represent an indirect proxy for the ecological condition of 
these 18 hydrologic indicator sites as the flow regime is a strong determinant of their various lifecycle phases. For each 
site, a list of interim environmental water requirements prepared by the MDBA was obtained. This list specifies things 
such as minimum flow rates within particular seasonal windows as being necessary for different ecological communities 
(e.g. river red gum forest, black box forests, provision of habitat for colonial nesting waterbirds). For each site and for 
each environmental water requirement, the time since a given flow requirement was met was calculated. This value (in 
months) was then divided by the long-term average recurrence interval associated with each environmental water 
requirement criteria (also expressed in months). On this scale, values greater than 1 indicate a given environmental 
water requirement has not been met within its nominal required time frame and consequently there is a risk the 
ecological condition of the site of interest is being negatively affected by the dry conditions. These values are referred to 
as ‘normalised time-since-criteria-met’ metrics.
For many sites there were often multiple rules associated with a common objective (e.g. the preservation of river red gum 
forests). The suite of environmental water requirements was then grouped by common objective and the normalised 
time-since-criteria-met metrics for each common objective were averaged across the various rules for a given site. This 
produced a monthly score representing the degree to which the environmental water requirements for a given objective 
(e.g. preservation of river red gum forests, flow to support wetlands) had been met on average, on a month-by-month 
basis, over the period of historical sales data.
Other data
Other datasets that were obtained from internet searches include town tourism and caravan parks. These two variables 
were incorporated into the model as neighbourhood variables. They indicate whether the nearest town to each property 
has tourism activities for out-of-town visitors. Data on tourism were obtained from
<http://www.planetware.com/towns/australia-cities-towns-scenic-regions-aus.htm> and data on caravan parks were
obtained from <http://www.goseeaustralia.com.au/caravanparkspage.asp>.
Results
Hedonic property price models were performed for the majority of the 18 hydrologic indicator sites in the Basin. Data 
availability prevented the analysis of all 18 hydrologic indicator sites. If a site spans across two states, a hedonic property 
price model was performed separately for each state because property sales information for each state varies and
becomes difficult to consolidate. Due to the number of regression models being estimated, it is not possible to discuss 
the results of every model at length. Therefore, only models where flow (or the lake level variable in the case of Lake 
Alexandrina) statistically affects sales price are discussed. Regression output for these models can be found in
Appendix C.
Marginal implicit price
Observed daily flow to the Barmah–Millewa Forest, the Lower Darling River System (including Menindee Lakes and the 
Darling River and Anabranch), and the Mid-Murrumbidgee River Wetlands significantly affects sales price. Lake level of 
Lake Alexandrina also significantly affects sales price. The marginal implicit price of flow or lake level change is 
presented in Table 6.12, along with the mean flow, mean sales price and mean distance to the hydrologic indicator site.
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Table 6.12 Marginal implicit price of flow and lake level and corresponding mean values
State
Hydrologic indicator site 
for key environmental 
asset
Mean flow
Mean distance to 
hydrologic indicator 
site
Mean sale price
Marginal implicit 
price of flow and 
lake level
ML m AU$ AU$
New South Wales Barmah–Millewa Forest 10,005 46,150 $194,600 $1.55
Victoria
Barmah–Millewa Forest 9,730 46,755 $228,623 –$1.66
Lower Darling River System 1,389 22,548 $171,702 $1.88
Mid-Murrumbidgee River 
Wetlands 4,627 114,911 $209,276 $1.96
South Australia Lake Alexandrina 0.30* 28,721 $220,380 $58,052
* lake level in m
Mean flows presented in Table 6.12 suggest that if flow to the Lower Darling River System and Mid-Murrumbidgee River 
Wetlands were to increase by 1 ML, sales price of the average property would increase by nearly $2. However, for the 
Barmah–Millewa Forest, there appears to be a positive effect on sales price as well as a negative effect, depending on 
whether the property is in Victoria or New South Wales. A 1 ML increase in flow will increase New South Wales property 
prices by AU$1.6. However, if the property is in Victoria, a 1 ML increase in flow to the Barmah–Millewa Forest results in 
a sales price drop of $1.66. As for South Australia, a 1 m change in lake level of Lake Alexandrina increases sales price 
by AU$58,000.
Aesthetic appreciation value
To estimate the aesthetic appreciation value from flow or lake level change, it is assumed that for each property, flow 
(or lake level) will increase from the mid-point under the baseline scenario to the mid-point under the 2800 scenario. 
As a result of increased flow (or lake level), sales price increases or decreases depending on the sign of the parameter 
value. The change in sales price is aggregated across all houses in the sample region that are within the average 
distance to the hydrologic indicator site (e.g. a total of 55,721 properties are within the average sample distance to 
Lake Alexandrina) to obtain the expected aesthetic appreciation value of flow or lake level change. Table 6.13
presents the mid-point flow (or lake level) under the baseline and 2800 scenarios for each hydrologic indicator site and 
the number of properties in the region that are within the mean distance to the hydrologic indicator site. It is worth noting 
that in Table 6.13, the flow level under the 2800 scenario is lower than that under the baseline scenario for the Mid-
Murrumbidgee River Wetlands. This will have a negative impact on the aesthetic appreciation value for the Mid-
Murrumbidgee River Wetlands. For other hydrologic indicator sites, the flow under the 2800 scenario is higher than that 
under the baseline scenario. 
Table 6.13 Distance, flow and lake level, and mean values under the baseline and 2800 scenarios
State
Hydrologic indicator site 
for key environmental 
asset
Flow under the baseline 
scenario (average daily 
in the month)
Flow under the 2800
scenario (average daily 
in the month)
Number of properties 
within mean distance 
to the hydrologic 
indicator site
ML Number
New South Wales Barmah–Millewa Forest 13,733 15,081 12,404
Victoria
Barmah–Millewa Forest 13,733 15,081 13,747
Lower Darling River System 3,544 3,942 21,077
Mid-Murrumbidgee River 
Wetlands 11,907 11,894* 18,173
South Australia Lake Alexandrina 0.42** 0.54 55,721
* Flow under the 2800 scenario is less than that under the baseline scenario
** lake level in m
Chapter 6 Economic benefits ƒ 175
Estimates based on Equation (2) suggest that the 2800 scenario yields an expected benefit to the property market near 
the Coorong, Lower Lakes, and Murray Mouth of at least AU$311 million, while a benefit of AU$15.5 million is expected 
for properties in Victoria near the Lower Darling River System including Menindee Lakes and the Darling River and 
Anabranch (Table 6.14). There is also an increase in aesthetic appreciation value of AU$23.5 million for properties in 
New South Wales that are near the Barmah–Millewa Forest from increased flow. However, the total aesthetic 
appreciation value of flow to the Barmah–Millewa Forest is less if properties in Victoria are incorporated into the 
estimation. Counterintuitively, for properties near the Barmah–Millewa Forest in Victoria, aesthetic appreciation values 
decrease when flow increases. The total loss is estimated to be AU$22.2 million if flow increases under the 2800 
scenario relative to the baseline scenario. Therefore, the summed aesthetic appreciation value for the Barmah–Millewa 
Forest across Victoria and New South Wales is estimated to be AU$1.3 million. There are a number of possible reasons 
that increased flow has a negative impact on sales price in Victoria. It is possible that increased flow leads to flooding 
which becomes a negative externality to nearby properties. Flooding also prevents certain recreational activities around 
the Barmah–Millewa Forest which could also lead to negative externalities. Hence, further investigation is required to 
flesh out the driving factors. Lastly, the decreased flow in the Mid-Murrumbidgee River Wetlands in Victoria under the 
2800 scenario relative to the baseline scenario results in a loss of AU$0.16 million in aesthetic appreciation value.
Table 6.14 Aesthetic appreciation benefits (AU$ million, in 2010 dollars) under the 2800 scenario relative to the
baseline scenario
Basin Plan region
Aesthetic appreciation 
Barmah–
Millewa Forest
Lower Darling River System 
including Menindee Lakes 
and the Darling River and 
Anabranch
Mid-Murrumbidgee
River Wetlands
The Coorong, Lower 
Lakes, and Murray Mouth 
(Lake Alexandrina)
AU$ million
Murray
–$10.6 (VIC)
$15.5 (VIC) –$0.155 (VIC) $186.6 (SA)
$22 (NSW)
Goulburn–Broken –$0.6 (VIC)
Ovens
–$11 (VIC)
–$0.003 (VIC)
$1.5 (NSW)
Eastern Mount Lofty Ranges $124.4 (SA)
Total $1.3 $15.5 –$0.159 $311
The hedonic method provides information on statistically significant relationships between house prices and structural, 
locational and environmental attributes; it does not explain the nature of the relationship. In this analysis for a number of 
house markets a statistically significant relationship is found between river flow or lake level height and house prices. For 
the incremental analysis, this information was used to calculate expected incremental changes in house prices under the 
2800 scenario relative to the baseline scneario at the respective average flow or lake level height for each scenario. This 
is normal procedure for hedonic analysis. There are remaining unanswered questions: for instance, the statistical 
relationship between house prices and river flows is based on flows in the period from 2000 to 2011, flows that were 
predominantly for irrigation uses, whereas in the future river flows as modelled in the 2800 scenario will also be for 
environmental watering. We are thus extrapolating that the flow per se is important, not the use to which the flow is put.
It is also important to note that the aesthetic appreciation value presented here differs from the willingness to pay value 
for increased flow. The aesthetic appreciation value is the sum of the expected change in sales price if flow were to 
change across all properties in the region that are within the average distance to the hydrologic indicator site. Willingness 
to pay for flow can be determined if individual household information, such as income, is obtained. The demand curve for 
flow will provide information on how much the household is willing to pay for an extra ML of flow to the nearest hydrologic 
indicator site to their property. However, a second-stage hedonic analysis and a region-wide household survey are 
required to elicit households’ demand curve for flow (see Day (2001) for information on willingness to pay and welfare 
measures from hedonic markets). The hedonic analysis reported here is the first step towards deriving willingness to pay. 
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It is recommended that, in addition to performing the second-stage hedonic analysis, future research should investigate 
the spatial dependencies of property sales price as the sales price of nearby houses tends to affect each other. 
Appropriate market segmentation methods should also be investigated as it may help improve model fit. The current 
study assumes that properties surrounding a hydrologic indicator site are in the same property market, when in reality 
there may be more than one market segment. Furthermore this study does not specifically model agricultural area home 
prices during the millennium drought nor does it provide comment on general trends in the Australian housing market.
6.9 Tourism
Ecosystems provide direct benefit to tourism. There are a number of previous studies, reported in Hatton MacDonald et 
al. (2011a), that have valued recreation in the Basin. Stated preference techniques, generally the choice modelling 
approach, can be used to infer value for a recreation attribute. Revealed preference valuation techniques are also often 
used to estimate the value of tourism. Travel cost studies infer value for recreation sites and tourism regions by 
estimating how many trips and how much visitors pay to see the site or attraction. The challenge is to relate river flow to 
tourism activity. Only then can such inferences be extended to estimate incremental benefits associated with enhanced 
ecological condition under the 2800 scenario relative to the baseline scenario.
The MDBA estimates that the tourism sector in the Basin employs 24.1% of the Basin’s workforce, or 221,000 
employees in 2006. Healthy riverine, estuarine and lake ecosystems and in-channel flow and lake levels are key drivers
for many water-based recreational activities. Nature-based tourism incorporates camping, birdwatching, fishing, 
yabbying, boating, kayaking and canoeing, hunting, bushwalking, photography and ecotourism. Adequate water levels 
are necessary for accessibility (MJA, 2010b), that is, to access boat ramps and to manoeuvre boats in the water body. 
Exposure of shorelines, jetty infrastructure and stranded boats at lakes Albert and Alexandrina during the millennium 
drought negatively affected recreation (Connor et al., 2011) as did low flows (EconSearch, 2009a; DRET, 2010).14
The CIE (2011) report used benefit estimates from Morrison and Hatton MacDonald (2010) and estimates of overnight 
visitor numbers from Tourism Research Australia to calculate the recreation benefits under three scenarios with different 
sustainable diversion limits (SDLs) in the River Murray region. They related overnight visitor numbers (their long-term 
projection is for 2.96 million overnight visitors) to flow by assuming that reduced visitation to the River Murray region 
during the millennium drought (in their case, from 1997 from 2006) was correlated with low end-of-system flows. During 
these years, overnight visitor numbers declined by 5%, or by 148,053 nights, at the same time that end-of-system flows 
declined by 50%. The authors accepted that the decline in overnight stays during the millennium drought might be 
attributable to other factors, such as the general economy, but in their modelling they assumed the simple linear 
relationship holds and used it to estimate how increased end-of-system flows, under three SDL scenarios, may result in 
increased tourism. Overnight visitor numbers were calculated to increase by 3.8% from the long-term projection under 
their 3000 GL scenario or by 113,452 nights. The value of increased visitation in the River Murray region was estimated 
to be around AU$66 million per year (in 2010 dollars). There were a number of other caveats with this research: day trip 
visitation and a range of substitute sites were not incorporated in their model. 
Visitor 
numbers to the Riverland region in South Australia were 36% lower in 2010 relative to 2000, exceeding declines in 
Adelaide-based tourism (21% decline) and regional South Australian tourism (28% decline) (Advanced Tourism, 2011). 
DRET (2010) also found that overnight visits to the River Murray region declined more than comparative tourism regions 
less affected by drought. High flows, like those in late 2010 through 2011, can also negatively affect recreation and 
tourism, for example through campsite closures or floodwater making boating dangerous. 
The CIE (2011) report did take into account the trade-offs between enhanced River Murray recreation with increased 
end-of-system flows to reduced storage levels in one upstream storage. Specifically, they estimated the declines in Lake 
Hume recreation. They assumed that recreation benefits at Lake Hume are valued at AU$3.3 million per year (in 2010 
dollars) under their baseline scenario. Under their 3000 GL scenario, these benefits were calculated to decline by 
AU$600,000. The authors did not value incremental changes in recreation or tourism in other parts of the Basin. This 
information is reported in Table 6.15.
14 An estimate for the South Australian Murray is that drought in the period from 1999 to 2008 reduced tourism-generated gross regional 
product by $133.6 million and cost an average 192 jobs per year.
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Table 6.15 Monetary value of benefits of tourism (AU$ million/year) for the Murray region
Valuation methodology Monetary value of benefits of tourism
AU$ million/year
Murray
Avoided cost, annualised, in 2010 dollars, using CIE (2011) 
results (under their 3000 GL scenario relative to their baseline 
scenario) 
$65.4
Estimated annual benefit, in 2010 dollars, under the 2800 
scenario relative to the baseline scenario $161.4
6.9.1 Data analysis
The focus in this section is on a revealed preference methodology, the travel cost method. Travel cost studies can be 
sparse or more comprehensive. A zonal travel cost approach uses visitor data by postal code, combined with data 
collected from actual visitors, such as how many sites they visit and how much they spend on average. A more 
sophisticated approach is to undertake an individual site travel cost study or detailed survey of visitors at a particular site. 
In those instances where there are a large number of substitute sites and where the researcher wishes to estimate the 
benefits from quality changes at particular sites (not in the whole region), the random utility approach is the best travel 
cost approach. This approach can be used to predict site selection between various recreation sites based on the 
ecological and other characteristics of the sites. Ideally, such an approach would be used to estimate the recreation and 
tourism benefits under the 2800 scenario, as there is a large number of substitute recreation and tourism sites in the 
Basin and the ecological condition of all sites will not improve equally.
However, because the random utility approach is information-, survey- and time-intensive, it was not used here. Data 
availability is a big challenge for any travel cost study. In the analysis here, tourism data were supplied by Tourism 
Research Australia (TRA, 2011). The highest resolution geographic scale available was statistical local areas and 
therefore it was impossible to model even the sparsest travel cost study, a zonal travel cost study. There are around 
1500 statistical local areas in South Australia, Victoria, New South Wales, the Australian Capital Territory and 
Queensland combined. To put this in perspective, South Australia has 28 statistical local areas and 821 postal codes.
Table 6.16 lists overnight trips from Tourism Research Australia by Basin Plan region for the period from 2003 to 2010. 
Survey data of overnight trips for statistical local areas (TRA, 2011) were translated to overnight trips by Basin Plan 
region using ratios of area between each set of regions. The statistical local area ‘City (Canberra)’ was excluded from the 
calculations because it: (i) had a much larger annual average overnight trips compared to other statistical local areas in 
the Basin; (ii) is the only capital city in the Basin; and (iii) is unlikely that the majority of visitors are visiting the region to 
recreate in the Basin. Overnight trips for all statistical local areas outside of the Basin in South Australia, Victoria, New 
South Wales and Queensland were also collected. The compound average growth rate for visitor nights for those 
statistical local areas within the Basin during the period from 2003 to 2010 was –2.10%, compared to –2.30% in South 
Australia, –1.22% in Victoria, –1.66% in New South Wales, and –0.67% in Queensland for those statistical local areas
outside of the Basin over the same period. This result is the same as that found in DRET (2010) where it was found that 
tourism in the Basin fared worse than in comparative tourism regions (the exception is South Australia).
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Table 6.16 Overnight trips (‘000) by Basin Plan region from 2003 to 2010 
Basin Plan region 2003 2004 2005 2006 2007 2008 2009 2010
‘000 nights
Barwon–Darling 62 70 68 47 52 59 51 80
Border Rivers 514 554 425 449 414 465 457 462
Campaspe 565 635 526 536 540 459 468 406
Condamine–Balonne 1,069 1,203 865 1,074 1,099 958 734 886
Eastern Mount Lofty Ranges 218 264 258 224 249 226 211 224
Goulburn–Broken 1,330 1,389 1,272 1,254 1,154 1,168 1,066 983
Gwydir 237 241 175 156 154 142 171 174
Lachlan 759 694 654 594 593 623 582 557
Loddon 1,098 987 815 934 861 795 783 840
Lower Darling 280 273 223 228 243 219 265 267
Macquarie–Castlereagh 1,906 1,742 1,660 1,610 1,589 1,589 1,420 1,515
Moonie 21 32 25 25 35 21 23 24
Murray-Lower 1,251 1,302 1,150 1,165 1,121 947 974 947
Murray-Middle 817 876 769 725 677 655 721 677
Murray-Upper 1,016 1,031 930 921 849 709 844 847
Murrumbidgee 3,833 3,492 3,435 3,389 3,364 2,874 2,808 3,634
Namoi 738 838 642 636 691 660 643 714
Ovens 488 465 472 493 381 379 428 431
Paroo 48 42 35 31 36 43 31 51
Warrego 136 132 79 93 99 97 81 102
Wimmera–Avoca 514 565 491 514 403 467 399 439
Whole-of-Basin 16,901 16,825 14,968 15,096 14,606 13,556 13,161 14,261
Total overnight trips for Basin Plan regions were plotted with annual flow (or lake level) for all hydrologic indicator sites
within associated regions. Three examples are shown in Figure 6.7, Figure 6.8 and Figure 6.9. The plots suggest that 
there is a positive relationship between flow or lake level and overnight trips. For non-Bayesian statistical analysis, it is 
insufficient to have only eight data points (i.e. for overnight trips, flow, and state overnight trips not in the Basin for the
period from 2003 to 2010). Quarterly or monthly data would increase the data points four- or twelve-fold, respectively, 
and enable robust statistical analysis, but tourism data is unavailable at these intervals. A whole-of-Basin travel cost 
study is recommended.
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Figure 6.7 Overnight trips (‘000) and annual river flow (GL) for Gwydir Wetlands
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Figure 6.8 Overnight trips (‘000) and annual river flow (GL) for Gwydir Wetlands, Barmah–Millewa Forest,
Gunbower–Koondrook–Perricoota Forest and Murray-Middle
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Figure 6.9 Overnight trips (‘000) for Murray (Lower) and Lower Lakes level (mAHD)
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Despite these limitations we are interested in how flow and lake level impacts tourism. Given the limited data, simple 
statistics were run to test for correlation between overnight trips and flow or lake level. Overnight trips at each site were 
adjusted to take account of tourism in comparator regions: the overnight trips for each site were divided by 
non-Basin travel in the state(s) where the site is located. The results show that there is a strong positive relationship 
between flow and adjusted overnight trips at Gwydir Wetlands, Lachlan Swamp, Barmah–Millewa Forest and the 
Mid-Murrumbidgee River Wetlands. There is also a strong positive relationship between adjusted overnight trips and lake 
level in the Lower Lakes and Coorong region. Tourism in these regions is likely to respond positively to higher river flows 
and lake levels under the 2800 scenario. The total value of these recreation benefits is likely to be large and could be 
estimated by assuming an average annual visitation rate (this study used the average in the period from 2003 to 2010) 
and adjusting this by the correlation coefficient between flow or lake level and average flow or lake level under the 
baseline and 2800 scenarios and then multiplying incremental change in visitor numbers by an estimate of tourism spend 
(CIE (2011) used a value of AU$585 per adult visit (2010 dollars) for the Coorong and Barmah–Millewa Forest based on 
Morrison and Hatton MacDonald (2010)). Using this simple methodology, the annual incremental recreation benefits 
under the 2800 scenario relative to the baseline scenario was estimated to be AU$123.7 million in the Murray-Lower 
region (Coorong) and AU$37.7 million in the Murray-Middle region (Barmah–Millewa Forest). The combined incremental 
increase is AU$161.4 million per year (in 2010 dollars), which is two and half times that estimated in CIE (2011). 
Table 6.17 Adjusted overnights and flow or lake level correlation coefficients by region
Basin Plan region
Correlation coefficient: 
adjusted overnights and 
flow or lake level
Flow or lake level used
Barwon–Darling 0.40 Lower Darling flow and NSW
Condamine–Balonne –0.14 Lower Balonne system flow and QLD
Goulburn–Broken –0.44 Lower Goulburn Floodplain flow and VIC
Gwydir 0.77 Gwydir Wetlands flow and NSW
Lachlan 0.87 Booligal Wetlands flow and NSW
Macquarie–Castlereagh 0.00 Macquarie Marshes flow and NSW
Murray-Lower (Lower Lakes, Coorong) 0.92 Lower Lakes level and SA
Murray-Middle (Barmah–Millewa
Forest) 0.99
Barmah–Millewa Forest flow and NSW + VIC
Murrumbidgee 0.79 Mid-Murrumbidgee flow and NSW
6.10 Habitat
6.10.1 Cost-avoidance values
The total cost expended by governments during the millennium drought to remediate ecological condition at Ramsar 
sites was AU$137.5 million. Note that this is not an estimate of incremental costs under the baseline and 2800 scenarios.
However, where such costs can be linked to hydrologic thresholds that were breached during the drought, for example
low river flows, low flows to the Lower Lakes and hence low lake levels, and low flows over the barrages, and where the 
probability that these thresholds are likely to be breached under the 2800 scenario is lower than under the baseline 
scenario, then a probability-weighted benefit (reduced defensive costs) can be expected under the 2800 scenario. The
CIE (2011) used this methodology to estimate future dredging costs based on the difference in probability that the Murray 
Mouth will be open under various hydrologic scenarios and estimated annual dredging expenditures.
Table 6.18 Monetary value of benefits of habitat (AU$ million) for the Murray region
Valuation methodology Monetary value of 
benefits of habitat
AU$ million
Murray
Expenditure during the millennium drought $137.5
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Large-scale stand death of river red gums along the length of the River Murray and its floodplains prompted action. 
Seedling planting was funded and water was purchased to sustain the seedlings. The South Australian government 
purchased 61 GL of water between 2007 and 2010 as part of the Critical Water Allocations initiative that aimed to ensure 
the survival of permanent plantings along the River Murray corridor (DFW, 2011). The purchase cost of this water was 
estimated to be AU$32.4 million.15
6.10.2 Non-use values
Again it is important to note that these cost-based estimates do not provide an 
estimate of the incremental benefits under the 2800 scenario. However, vegetation inundation modelling in Chapter 3
provides data on area (in hectares) of different vegetation communities inundated at ecologically significant flood 
average recurrence intervals (ARIs), see Table 3.3. For instance, the area of river red gum inundated with an ARI of 1-in-
2 years (the period required to maintain health) increases by 27% (~13,500 ha) to 63,675 ha under the 2800 scenario 
relative to the baseline scenario. The health of the Basin’s river red gum communities are therefore likely to improve 
under the 2800 scenario and it is likely that the scale of die-offs, and associated mitigation costs, that were documented 
during the millennium drought will not be repeated.
Non-use values are likely the largest component of value in the study area. Non-use values include bequest and 
existence values (see CIE (2011), Figure 1.1). These values are elicited through stated preference approaches. Although 
stated preference approaches are utilised throughout the world, there are remaining concerns about bias that can be 
reduced through good survey design and econometric analysis. The choice experiment study commissioned for this 
project was unable to be undertaken within the time constraints of this project. It would have been the first whole-of-Basin 
stated preference study conducted (a previous choice modelling study was limited in geographic scope to the River 
Murray). This section, like the CIE (2011) study, therefore relies on benefit transfer (Hatton MacDonald et al., 2011b;
Morrison and Hatton MacDonald, 2010). There are issues in using benefit transfer; however, in the absence of a Basin-
wide study, the non-use values from the River Murray are used. It should be noted that the authors also provide 
estimates of non-use values outside of the River Murray (i.e. in the northern Basin) that the authors (and CIE (2011))
also utilise. The steps in the benefit transfer are: (i) to identify incremental changes in ecological responses by catchment 
that correspond with attributes used in the previous study that relate to native vegetation, bird breeding events and/or 
bird numbers, native fish and the condition of the Coorong; and then (ii) to apply the estimates of value for each 
catchment (see Table 6.19) to these incremental improvements. The result is an estimate of incremental non-use value 
benefits by catchment and attribute. CIE (2011) used a similar approach; however, the ecology underpinning their 
analysis is less robust. The caveats from Morrison and Hatton MacDonald (2010) remain: a number of the existing 
studies are quite dated, and use different approaches in willingness to pay including the time frame, geographic extent of 
preferences, and the values for each region not being affected by the changes in environmental quality from other areas 
in the Basin. See also the sections below on proposed choice experiment design.
Benefit estimates are transferred from Morrison and Hatton MacDonald (2010), see Table 6.19 (this is Table 3.7 in CIE
(2011)), and combined with changes in the habitat ecosystem services from Chapters 3 and 5 in order to estimate non-
use values by Basin Plan region, see Table 6.20. Specifically, the following improvements in floodplain vegetation, native 
fish and waterbird outcomes are used:
x percentage change in areal extent under the baseline and 2800 scenarios for river red gum with an ARI of 
1-in-2 years and black box woodlands with an ARI of 1-in-5 years by region16
x the lowest median percentage increase17 in native fish habitat suitability by region18
15 There is no information on the volumes of water bought in each year. It was assumed that 15.25 GL was bought in each year, i.e. in 
2007, 2008, 2009 and 2010. An adapted version of Brennan’s (2006) regression equation reported in Connor et al. (2011) was used to 
estimate temporary water allocation prices. Because of data limitations, prices in 2010 were assumed to be equivalent to prices in 2009.
estimated as 4.5% from 
data in Section 3.6.4
16 This assumes that inundation improves the health and extent of floodplain native vegetation that might otherwise degrade. The 
proportional change is calculated as the increase in area calculated in Tables 3.4, 3.6, 3.8 and 3.10, relative to the baseline scenario 
area of river red gum with an ARI of 1-in-2 years and black box woodlands with an ARI of 1-in-5 years.
17 The distinct fish assemblages respond differently. To be conservative, the lowest median percentage change was used.
18 Note that this is a fish habitat suitability metric not a fish population metric, the metric required by Morrison and Hatton MacDonald 
(2010). The habitat suitability metric incorporates suitability for adults and recruitment but it does not capture all factors that affect fish 
abundance. It is assumed that improved habitat suitability translates into abundance.
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x information from the project team that on average small colonial waterbird breeding events increase from 
around 1.15 events a year under the baseline scenario to 2 events a year under the 2800 scenario (down from 
2.6 events a year under the without-development scenario, pers. comm. Tony Arthur).
The waterbird data from Tony Arthur is used instead of the information presented in Section 3.7 because the Morrison 
and Hatton MacDonald (2010) study requires a different metric than those reported in Section 3.7. Note that the metric 
does not specify whether the bird breeding event is small or large. The ecological response data is then multiplied with
the appropriate sub-catchment estimates of value from Morrison and Hatton MacDonald (2010). An explicit assumption is 
made of a proportional response (in percentage changes) between hydrologic or habitat suitability and ecological 
outcomes for native vegetation and fish. The reality is likely to be more nuanced than that implied by this linear approach,
but even with the advances in ecological science presented in Chapter 3, the shape of ecological response functions are 
not known and therefore it is necessary to assume that these functions are linear. Furthermore it is assumed that there is 
a linear relationship between ecological response and economic valuation and that the current analysis is on the part of 
the marginal utility curve where marginal utility is increasing, i.e. diminishing marginal returns are not yet a factor. This 
assumption is probably adequate given that there is widespread ecological degradation in the Basin and any 
improvements are likely to be viewed positively in terms of human wellbeing.
The treatment of the Coorong in this section is described here. Three scenarios are presented that provide a range of 
non-use value estimates for the Coorong. In valuing the Coorong, Hatton MacDonald et al. (2011b) asked survey 
respondents to state their values for the Coorong in a ‘good’ state as compared to a ‘bad’ state. Scenario 1 includes the 
full value elicited for ‘good’ condition in the Coorong, i.e. AU$4.3 billion. Scenario 2 excludes the value of the Coorong 
based on the argument that the Coorong is not different from other wetlands in the Basin and therefore should not be 
counted separately, i.e. no value. (In support of Scenario 1 there is survey evidence that respondents understood the 
ecological difference between the Coorong and other wetlands in the River Murray (Hatton MacDonald et al., 2011b)). 
Scenario 3 uses new modelling that estimates the incremental value under the 2800 scenario relative to the baseline 
scenario.
Since the Hatton MacDonald et al. (2011b) survey, the ecological science related to the Coorong has advanced. 
Section 3.8.4 presents modelled results that define six ecosystem states, not the two states used in the original survey.
Two of these six possible states are identified as likely indicating ecological degradation (‘degraded marine’ and 
‘unhealthy marine’). If these states are assumed to equate with the ‘poor’ condition, these states occur 2% of the years 
under the 2800 scenario, compared to 7% of the years under the baseline scenario, i.e. under the 2800 scenario less 
time is spent in poor condition or recovering from degraded conditions. Conversely, healthy states (‘estuarine’, ‘healthy 
hypersaline’ and ‘average hypersaline’), or what is assumed a ‘good’ condition state, occur 93% of the years under the 
2800 scenario and 88% of the years under the baseline scenario. These percentage of years in a good state were used
to probability weight the estimated AU$4.3 billion value of a healthy Coorong reported in Morrison and Hatton MacDonald 
(2010) that is used for benefit transfer in this study (and in the CIE (2011) study). A linear relationship between the value 
of benefits and years spent in a good state was assumed. Under the baseline scenario this translates to AU$3.52 billion 
and under the 2800 scenario to AU$4 billion of benefits. The incremental benefits of an improved Coorong under the 
2800 scenario are thus estimated at AU$0.48 billion.
In summary, non-use values are estimated to increase by AU$7.7 billion under the 2800 scenario including the Coorong
(Scenario 1); by AU$3.4 billion if the Coorong values are excluded (Scenario 2); and by AU$3.9 billion using the Coorong 
values adjusted by ecosystem state (Scenario 3). Estimates from CIE (2011) ranged from AU$0.52 billion to
AU$11.08 billion under their 3000 GL scenario. The estimates of non-use values under the 2800 scenario relative to the 
baseline scenario using ecological benefits and ecosystem service changes from Chapter 3 and 5, respectively, are 
provided in Table 6.20. The blank cells in Table 6.20 do not mean that there is zero value but rather that estimates can 
only be provided where data are available on ecological changes between the baseline and 2800 scenarios.
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Table 6.19 Monetary valuation of ecological benefits (AU$ million) from Morrison and Hatton MacDonald (2010)
Basin Plan region
Monetary value of ecological benefits
Native vegetation Native fish Colonial waterbird breeding
Waterbirds and other 
species
AU$ million (present values in 2010 dollars)
1% increase in 
healthy native 
vegetation
1% increase in native 
fish populations
1-year increase in 
frequency of 
breeding
Unit increase in number 
of waterbirds and other 
species present
Barwon–Darling $3.59 $0.67 $24.69 $3.58
Border Rivers $2.44 $0.41 $1.09
Campaspe $3.36 $2.99 $2.30
Condamine–Balonne $2.93 $0.41 $15.34 $1.09
Eastern Mount Lofty Ranges $1.49 $1.33 $1.02
Goulburn–Broken $5.02 $4.46 $3.43
Gwydir $3.48 $0.67 $24.69 $1.75
Lachlan $3.48 $0.67 $24.69 $1.75
Loddon $3.36 $2.99 $2.30
Macquarie–Castlereagh $3.48 $0.68 $58.80 $1.75
Moonie $1.96 $0.28 $0.73
Murray $79.10 $73.79 $375.37 $12.20
Murrumbidgee $3.59 $0.67 $24.69 $3.58
Namoi $3.48 $0.67 $1.75
Ovens $3.36 $2.99 $2.30
Paroo $2.60 $0.41 $15.34 $1.09
Warrego $2.60 $0.41 $1.09
Wimmera–Avoca $2.66 $0.51 $1.34
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Table 6.20 Monetary value of non-use habitat benefits (AU$ million) under the 2800 scenario relative to the baseline scenario
for the Barwon–Darling, Border Rivers, Condamine–Balonne, Gwydir, Lachlan, Lower Darling, Macquarie–Castlereagh, 
Moonie, Murray, Murrumbidgee, Namoi and Warrego regions
Valuation methodology
Monetary value of non-use habitat benefits
Native 
vegetation Native fish
Colonial 
waterbird 
breeding
Coorong
Scenario 1
Coorong
Scenario 2
Coorong 
Scenario 3
AU$ million (present values in 2010 dollars)
Barwon–Darling
Morrison and Hatton MacDonald (2010) and Chapters
3 and 5
$25.3 $25.3 $25.3 $25.3
Border Rivers
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$1.4 $1.86 $3.86 $3.86 $3.86
Condamine–Balonne
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$75.3 $13.04 $88.34 $88.34 $88.34
Gwydir
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$38.3 $20.99 $59.29 $59.29 $59.29
Lachlan
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$5.4 $5.4 $5.4 $5.4
Lower Darling
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$3.00 $3.00 $3.00 $3.00
Macquarie–Castlereagh
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$2.1 $2.1 $2.1 $2.1
Moonie
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$1.2 $1.2 $1.2 $1.2
Murray
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$2,119.1 $332.07 $638.13 $7,389.3 $3,089.3 $3,569.3
Murrumbidgee
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$30.7 $3.00 $20.99 $54.69 $54.69 $54.69
Namoi
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$1.7 $1.7 $1.7 $1.7
Warrego
Morrison and Hatton MacDonald (2010) and Chapters 
3 and 5
$3.4 $3.4 $3.4 $3.4
Total
$2,303.90 $339.93 $693.15 $7,637.58 $3,337.58 $3,817.58
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Proposed Basin-wide stated preference study: selection of attributes and a stated 
preference technique
In a workshop held on 24 June 2011 with a group of technical staff from Australian Government departments and 
agencies, independent economists and ecologists from this project, the problem of defining the potential existence 
values associated with habitat area in the Basin was explored. In non-market valuation, the focus is on marginal changes 
in values. Improvements in habitat area had to be described as a set of attributes the public would understand, that were 
policy relevant, and based on the current ecological understanding of the Basin. This reference group were asked to 
consider the attributes in terms of final outcomes attributable to a new sustainable diversion limit (SDL). A list of potential 
attributes was recorded on a whiteboard. As part of a Delphi approach, the list was narrowed down to birds, fish, native 
vegetation, the Coorong, employment and water quality. After defining this potential set of attributes, the next task was to 
determine the most appropriate stated preference technique: a contingent valuation or a choice experiment approach. 
With the guidance of this reference group, it was decided that the contingent valuation method would be used in the first 
phase of the research. The contingent valuation exercise would focus on the best estimates of the environmental 
outcomes to describe the outcomes under the 2800 scenario. The contingent valuation questionnaire also allows for a 
fuller definition of changes in environmental quality than is possible with the choice experiment questionnaire. Typically, a
contingent valuation questionnaire uses a referendum format, together with an approach to minimise yea-saying 
behaviour. Overall, an experimental laboratory approach to valuation was suggested where different valuation 
techniques and treatments would be tested to compare and contrast the inclusion of different attributes.
Contingent valuation survey
Several drafts of the contingent valuation survey were developed. Draft questionnaires contained placeholder values for 
the ecological attributes represented in the modelled scenarios. Substantial feedback was received from the project 
Steering Committee, MDBA Board members and MDBA senior staff. The survey language was tested in five focus 
groups (Bathurst, Orange, Parramatta, North Shore Sydney and Adelaide). The language on the contingent valuation
was improved through careful exploration with each focus group. The language in the final draft was revised to ‘may 
result in X’. The less definitive language was intended to be simple and convey a sense of error bands or a range of 
environmental outcomes without the burden of excessive language. However, follow-on interviews with individual 
participants of the Adelaide focus group indicated that the soft language conveyed a much greater sense of uncertainty 
about whether or not an outcome would even occur. The contingent valuation questionnaire is presently on hold pending 
the proposed Basin Plan public consultation process and resolution of the definitive language issues. Options for revising 
the contingent valuation survey include providing error bands around the attributes in the contingent valuation scenario, 
or abandoning the contingent valuation survey in favour of choice experiments and associated choice modelling 
questionnaire.
Proposed choice experiment
Here a set of choice experiments is proposed that describes the broad range of attributes and treatments to establish a 
more complete picture of the benefits of increased environmental flows. The development of a choice experiment would 
build on the work of the contingent valuation questionnaire but avoid the problem of the definitive language around 
outcomes. In a choice experiment, the survey respondent is asked to choose among a number of different options as 
part of the questionnaire. The environmental and cost attribute levels are varied across the options according to an 
experimental design and there is less reliance on definitive language.
The base case choice experiment might include: waterbird-breeding events across major wetlands, area of healthy 
native vegetation, numbers of native fish, and cost to household with varying levels to allow for the calculation of different 
aggregate benefits to correspond to different levels of SDLs. Analysts conducting cost–benefit analysis of different 
scenarios could pick and choose different attribute levels. 
Possible treatments might include:
x inclusion of the Coorong: some believe that the Coorong is of no greater ecological significance than other 
Ramsar wetlands across the Basin. Furthermore, there is a concern that there may be double counting of 
wetland values with the inclusion of the Coorong in the choice experiment. Hatton MacDonald et al. (2011) 
argued that respondents understood that the Coorong is a coastal wetland and that different species of 
migratory birds used the Coorong as key habitat. However, as there is contention and disagreement, there is 
an opportunity to include the Coorong, or not, as a testable hypothesis.
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x inclusion of a community impact attribute: adding this attribute might broaden the questionnaire to different 
stakeholder groups. If it is a separate attribute included as a treatment, community impacts can be framed as 
testable hypothesis.
x improvement of benefits to Aboriginal people in the Basin: recovering 2800 GL/year of water for the 
environment may improve the quality of cultural sites and the availability of flora and fauna central to the 
cultural practices of different groups of Aboriginal people across the Basin. The wider Australian society may 
hold values for the environmental improvements which are of benefit to Aboriginal people.
x Re-run the 2008–09 questionnaire as a control in order to understand the source of any potential change in 
estimates of benefits. In the time between the choice experiments from Hatton MacDonald et al. (2011) and 
new choice experiments, there will have been numerous sources of change including the drought breaking 
and new ecological understanding of the Basin.
The final stage in the choice experiment will be to agree on an experimental design. Experimental designs underlie the 
creation of the choice sets that respondents evaluate in a choice modelling questionnaire. There are various ways to do 
this, including orthogonal designs, efficient designs and nested designs. Nested designs allow for correlations between 
attributes, which typically occur in environmental contexts. There has been limited testing of these designs, though they 
have desirable properties for representing ecological outcomes. Orthogonal (or uncorrelated) designs were the mainstay 
of choice modelling for many years, but have more recently been replaced by much smaller efficient designs. This testing 
would seek to better understand the effect of these different types of designs on estimates of values and their precision.
6.11 Aboriginal water values
Estimates of Aboriginal cultural values (or co-benefits) under the 2800 scenario are not provided. The proposed Basin-
wide choice experiment has an Aboriginal values treatment. If the study had gone ahead the results would have provided 
an estimate of these values. An alternative approach would catalogue all water-dependent Aboriginal cultural values in 
the Basin and assess whether outcomes improve under the 2800 scenario relative to the baseline scenario. It may be 
possible to value some of these improvements using stated and revealed preference economic techniques or benefit 
transfer, and in other cases a qualitative assessment could be provided. 
Three previous studies provide possible value estimates for benefit transfer. Rolfe and Windle (2006) estimated a
willingness to pay of $1.83 per person to increase Indigenous Protected Areas by 1%. Meanwhile, Zander et al. (2010) 
reported that 90% of people in their 684-person sample were willing to pay a one-off $162 per person to attain an ‘OK 
condition’ and $238 per person to obtain ‘good condition’ at billabongs of importance to Aboriginal people in the tropical 
north. Respondents from Darwin and those self-identifying as environmentalists and prior visitors to tropical Australia 
were willing to pay more than these averages. They sampled urban dwellers in Melbourne, Perth, Sydney, Darwin, 
Canberra and Brisbane – at the time 10.7 million people lived in these capital cities. This is potentially a large aggregate 
willingness to pay for healthier billabongs. The willingness to pay for billabongs of importance to Aboriginal people in the 
Basin is unlikely to be the same as for tropical northern billabongs; however Zander et al. (2010) provided evidence that 
many urban Australians are willing to pay for environmental health improvements at Aboriginal sites. Further, Zander and 
Straton (2010) found that Aboriginal preferences for – and willingness to pay for – waterholes in good condition is higher 
than for their non-Aboriginal sample. A similar result might be repeated at sites throughout the Basin because of the 
cultural significance of many sites to local and regional Aboriginal communities.
Another set of community benefits to Aboriginal people in the Basin might be enhanced with improved ecosystem health 
at billabongs, forests and other sites of significance, particularly those relating to restoration and with stewardship and 
co-management of sites (Jackson et al., 2005). It is also likely that direct use benefits from improved ecosystem health in 
terms of provision of bush tucker (Gray and Altman, 2006) and other materials for cultural activities, as well as amenity 
and spiritual benefits at these cultural sites, will be enhanced. The full spectrum of cultural and community-based values 
is difficult to quantify without a dedicated research program. In the remainder of this section is described a case study 
undertaken for this project.
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6.11.1 Background
The Water Act requires that the MDBA prepare a Basin Plan to set enforceable limits on the quantity of water that can be 
extracted from the Basin’s surface water and groundwater resources. The recovery of 2800 GL/year of water for the 
environment is expected to generate social and economic benefits for Basin communities and the wider Australian 
public. The purpose of this component of the project is to consider the potential impacts on a Basin Aboriginal community
of recovering 2800 GL/year of water for the environment.
In fulfilling its obligations to assess the social and economic impacts of the Basin Plan, the MDBA will have regard for the 
social, cultural, Aboriginal and other public benefit issues. According to section 22(1) of the Act, the Basin Plan must 
contain a description of the water resources and the uses to which those resources are put, including by Aboriginal
people. A scoping study of Aboriginal interests in water commissioned to inform the Basin Plan (Jackson et al., 2010) 
noted that there were many areas in which insufficient knowledge and paucity of data hampered efforts to measure 
specific socioeconomic impacts of changes in water availability and to mitigate negative impacts or enhance positive 
impacts arising from the Basin Plan. It recommended more intensive empirical research designed to integrate with other 
economic, social and hydrologic modelling studies and provide a more rigorous assessment of impacts from changes to 
water availability across numerous social, cultual and economic dimensions and in all Basin state jurisdictions. To do so 
would require a substantial research effort – one that is beyond the scope of the present investigations. Such a research 
effort is nonetheless of considerable interest to CSIRO Water for a Healthy Country Flagship and to many Aboriginal
communities in the Basin, including the Wamba Wamba who agreed in August to work with CSIRO in this preliminary 
research to consider the effects of the SDLs on their community.
Given the project’s compressed timetable, the research team focused on one case study to pilot a method of estimating 
the potential benefits of the SDLs to be derived by one Aboriginal group, the Wamba Wamba, whose customary estate 
includes the Werai Forest on the Edward River near Deniliquin, New South Wales. The scope of work was necessarily 
constrained; it worked with only one Aboriginal group that had previously documented their use and occupancy of the 
Werai Forest (Ward et al., 2010) and focused at a high level on: (i) broad interests in places and resources of the Werai 
Forest and aquatic ecosystem; and (ii) local management objectives and aspirations for restoration of the Werai Forest.
As well as being of value in informing the Basin Plan, CSIRO and the Wamba Wamba identified two collateral benefits 
from the research reported here. Firstly, it was hoped that even a brief exploration of the issues could potentially 
contribute to a larger program of research relating to Aboriginal ‘cultural flows’, currently being developed by the MDBA. 
At the very least, this preliminary research and scoping would give researchers and key Wamba Wamba participants a 
clearer idea of information needs, research questions, data availability and some insight into preferred research 
methodologies. Secondly, Wamba Wamba leaders saw value in the potential for the results to inform their own 
management strategies. The Werai Forest is part of the Murray complex of wetlands recognised under the Ramsar 
Convention. The forest is soon to be handed back to its traditional owners under the Australian Government’s Indigenous 
Protected Area Program (IPA). Members of the Wamba Wamba are therefore very interested in developing their capacity 
to manage the area, particularly to restore its condition through water delivery. The Commonwealth Environmental Water 
Holder is currently holding consultations in anticipation of an Environmental Watering Plan for the Werai area and it is 
expected that the results reported here will be of immediate value to Wamba Wamba interactions with that office and its 
substantial environmental water buyback program.
This section is organised as follows. First, a general overview is provided of Aboriginal values relating to water in the 
context of the planning framework now under consideration by the MBDA. Following the case study description, we 
discuss the flow scenarios under consideration and estimate the impact of the SDLs on the Werai Forest. Particular 
attention is given to the ecological features that the Wamba Wamba workshop participants raised as significant. The 
environmental water requirements of these features are described and the ability of the SDLs to meet those 
requirements is estimated. The social, cultural and economic significance of the Werai Forest to the Wamba Wamba is 
described in the final section which also includes consideration of some of the potential impacts on this community which 
have occurred as a consequence of changes in water availability.
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6.11.2 Aboriginal water values in the Murray–Darling Basin
In 2006 there were approximately 70,000 Aboriginal people living in 35 Aboriginal communities in the Basin; this is about 
3.5% of the total Basin population and about 15% of the national Aboriginal population. The Aboriginal population in the 
Basin has grown rapidly in recent years and this trend is likely to continue. Exactly half of non-Aboriginal residents of the 
Basin are resident in towns and cities of over 10,000 persons compared to only 37% of Aboriginal residents. Accordingly, 
the overall Aboriginal share of the region’s population is 4.2% away from these centres compared to just 2.5% within 
them (Taylor and Biddle, 2006).
Aboriginal people in the Basin have distinctly different demographic and socioeconomic characteristics to the rest of the 
population. Compared to their non-Aboriginal counterparts, these Aboriginal people have a much younger age profile and 
tend to have higher levels of disadvantage, lower employment rates and income status. While Aboriginal people are 
commonly employed in the government, health and service sectors, they are rarely employed in the two major industries 
in the Basin (agriculture and retailing) and seldom found in professional or management positions (Taylor and Biddle,
2006). Lack of data limits the picture of their involvement in Aboriginal customary practices like hunting, fishing and 
looking after sacred sites. 
Aboriginal groups of the Basin use land and water resources in a variety of inter-related ways, including for subsistence 
use of wild resources (food and medicines, arts and crafts), recreation, and cultural practices (Jackson et al., 2010).
Relationships to land and water are an important dimension of Aboriginal identities. 
Aboriginal groups participating in a CSIRO study for the MDBA (Jackson et al., 2010) reported significant barriers to 
accessing water and satisfying their water and related natural resource management objectives. These barriers are of a 
legal, administrative, economic, institutional and epistemological nature. Notwithstanding the many impediments, some 
Aboriginal organisations undertake water management activities. A few use licensed water as a key management tool in 
their conservation activities, others are licensed to use water as part of their economic strategies (Altman and Arthur,
2009), and many more, such as the Wamba Wamba, want to see environmental water directed to places and features of 
value or significance to their local communities. 
According to a number of sources, changes to the Basin’s river systems have eroded its capacity to meet the needs of 
Aboriginal people (Weir, 2009; Ward, 2009; Morgan et al., 2004). The literature contains many accounts of detrimental 
socioeconomic impacts arising from over-development of the region’s water resources and associated environmental 
impacts (e.g. river regulation, seasonal changes to flows, salinity problems and landuse change) (Forward NRMA and 
Arilla - Aboriginal Training and Development, 2003). Aboriginal people have described the negative psycho-social 
effects, particularly loss of control and inability to holistically manage their customary estates, exercise custodial authority 
and to prevent further ecological degradation. Many of these impacts were recounted by research participants in the 
Deniliquin workshop.
Aboriginal people consistently express their distress over this situation. In Jackson et al. (2010), some Aboriginal people 
are critical of the research and management community for failing to identify Aboriginal values in studies of Basin 
ecosystems and their water requirements (see also Morgan, 2002). According to published accounts, this neglect has 
contributed to the marginalisation of Aboriginal perspectives from allocation frameworks and the exclusion of Aboriginal
knowledge from formal management activities (see also Finn and Jackson, 20011.
Jackson et al. (2010) found that Aboriginal groups consulted in their study were keen to see the Basin Plan improve the 
environmental condition of the Basin, as were the Wamba Wamba people involved in this project. The authors of the 
MDBA report on Aboriginal issues argued that the benefits accruing to Aboriginal people could be enhanced if reforms 
are made to state water planning processes (particularly in the identification of environmental assets) and environmental 
water governance. In the absence of changes to the way that environmental water requirements are assessed and 
environmental water is managed, there is a risk that the full potential for increased environmental flows to substantially 
benefit Aboriginal people will not be realised. Ways of mitigating that risk are discussed in Jackson et al. (2010) and 
briefly referred to in the final section of this case study. 
Chapter 6 Economic benefits ƒ 189
6.11.3 Study area: the Werai Forest
The Werai Forest is a place of considerable importance to the Wamba Wamba people of the Deniliquin area. The forest 
is located at the intersection of the Edward River, Colligen Creek and the Niemur River. It is approximately 11,400 ha 
and is comprised of an extensive river red gum forest and woodland system, as well as black box and lignum. The forest 
was formerly managed by New South Wales State Forest, and was extensively logged until recently. A series of 
regulators are in place which control flooding into the forest and there are areas of the floodplain that are disconnected 
from the river by levees (Hale and SKM, 2011).
The streams in and around the Werai are also important for fish recruitment and as a refuge during drought periods. 
Waterbirds are known to use the Werai as breeding habitat, and several frog species and the long-necked turtle occur in 
the Werai. 
In describing the water requirements of the area using the Guide to the proposed Basin Plan (MDBA, 2010) and the 
environmental watering requirements of communities, the Werai Forest can be categorised as having the following 
wetting requirements:
x permanent to semi-permanent wetting of low-lying stream and wetland areas, which have extensive 
Cumbungi, Common Reed, Moira Grass and Water Milfoil systems
x river red gum forest, which requires wetting every 2 to 3 years (duration: 2 to 8 months)
x river red gum woodlands, which require wetting every 3 to 5 years (duration: 2 to 3 months)
x black box woodlands, which require wetting every 5 to 7 years, but can tolerate wetting intervals of 10 years 
(duration: 1 month).
6.11.4 Hydrology of the Werai Forest
The flooding of the Werai Forest area is complex, with water for inundation being sourced from multiple points, including 
the Edward River, and its tributaries, the Tumudgery Creek and Colligen Creek. Substantial flows inundate the Werai 
Forest when the River Murray exceeds 10,400 ML/day at Yarrawonga Weir (MDBA, 2010). Flow of 2150 ML/day at 
Stevens Weir was found to provide a reasonable flow to the forest (Green, 2001). The Werai floods approximately 3 to 
4 days after the Millewa Forest floods (MDBA, 2010). The assessment gauge for determining flow requirements for the
Werai is Edward River at Deniliquin (gauge number 409003).
There are several regulators on the tributaries of the Edward River that are preventing regulated flows entering the 
Werai. The operation of the regulators has reduced the inundation frequency of the low-lying wetlands (Green, 2001).
The operation of the regulators should be addressed as part of any wider environmental flow planning for this area.
6.11.5 Environmental flows in the Werai Forest
Two managed environmental flow releases have occurred in the Werai. The first was in November 2001, and was 
sourced from the Murray Wetlands Working Group Environmental Water Allocation. The total allocation was 3261 ML. 
The flooding wetted an area of approximately 137 ha, and partially inundated reedbeds. The watering was part of a trial 
to assess the commence-to-flow volume of the Werai Forest, and should not be used to guide the total water allocation 
required for the Werai. Duration of wetting and wetting of greater extents is critical for achieving environmental outcomes 
for ecological communities of the Werai Forest.
The second event occurred in November 2009 and January 2010. The extent of flooding was 346 ha (flows from 
Tumudgery Creek inundated 255 ha and Reed Beds Creek System inundated 91 ha). The total allocation was 4500 ML
(Webster R, 2010). The watering was undertaken in response to the prolonged dry experienced in the Werai Forest. The 
volume of water allocated on that occasion is not sufficient to fully meet the environmental needs of the Werai.
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6.11.6 Environmental water requirements for the Edward–Wakool River System
The MDBA has published a set of environmental water requirements for the Edward–Wakool River System (MDBA,
2010), which are intended to also meet the needs for the Werai Forest. In Green and Alexander (2006), cited in the 
Guide to the proposed Basin Plan (MDBA, 2010), critical flow rates were defined as:
x 1,500 ML/day at Deniliquin for fish habitat
x 3,500 ML/day at Stevens Weir (greater than 6000 ML/day at Deniliquin) for reedbeds and low-lying river red 
gums in Werai Forest
x 18,000 ML/day at Deniliquin for 1 month to achieve significant flooding of river red gums and ephemeral 
streams
x 30,000 ML/day at Deniliquin for greater than 3 weeks to inundate ephemeral streams and areas of black box.
These flow rates form the basis for defining the environmental water requirements published in the Guide to the 
proposed Basin Plan (MDBA, 2010). These flow rates described are consistent with the ecological community 
requirements and hydrologic knowledge of the Werai Forest.
Table 6.21 Environmental water requirements for the Edward–Wakool River System
Environmental water 
requirement
Percentage of events required 
to achieve environmental water 
requirement
Flow
requirement Duration Timing
Low-uncertainty
events
High-
uncertainty
events
ML/day days %
Maintain current extent of 
vital fish habitats (> 1000 km) 
in permanent and semi-
permanent regulated rivers 
and creeks
1,500 180 June to March 100% 99%
Maintain 100% of the current 
extent (400 ha) of reed bed 
and other low-lying wetlands 
in Werai Forest in good 
condition
5,000 60
June to 
December
70% 60%
Provide conditions conducive 
to successful breeding of 
colonial nesting waterbirds in 
Werai Forest
5,000 120 40% 35%
Maintain > 15,000 ha of red 
gum forests and woodland in 
good condition
18,000 28 30% 25%Maintain > 200 km of 
ephemeral wetlands and 
watercourses in good 
condition
Maintain > 600 km of 
ephemeral wetlands and 
watercourses in good 
condition 30,000 21 20% 17%
Maintain > 2000 ha of black 
box woodlands in good 
condition
The average annual flows at Edward River at Deniliquin under the three scenarios are:
x without-development scenario: 2366 GL/year
x baseline scenario: 1688 GL/year
x 2800 scenario: 1833 GL/year.
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The 2800 scenario represents a recovery of 145 GL/year at Deniliquin. This increase in flows affects low and high flows 
in the river. These flows can be described as average recurrence intervals (ARIs) where 1-in-1 year range from frequent 
low flows, with flows increasing with reduced frequencies. ARIs are typically described in terms of the recurrence of a 
peak flow (in ML/day) of a given size. The changes in the ARIs for flows at Deniliquin are shown in Table 6.22. Flows that 
would have occurred greater than 1-in-2 years under the without-development scenario are approximately halved under 
the baseline and 2800 scenarios. The ARIs are used to describe the change in event flows across the scenarios; they
are not used in the following analyses.
Table 6.22 Flow event size for average recurrence intervals under the without-development, baseline and 2800 scenarios
Average 
recurrence 
intervals
Without 
development Baseline 2800
ML/day
1-in-1 year 3,079.5 2,171.4 3,516.9
1-in-2 years 25,422.3 11,076.1 12,303.6
1-in-3 years 36,523.8 16,762.6 17,248.9
1-in-5 years 55,900.7 28,827.2 26,718.1
1-in-10 years 80,959.1 48,512.6 41,043.5
Assessment of environmental flow requirements was undertaken using two approaches:
x average annual flow requirements: additional volumes on an average annual basis across the 114-year 
hydrologic simulation period
x inter-annual flows: how daily flows contribute to meeting flow requirements over the 114-year simulation 
period. This analysis investigates how flow requirements are met within a regime of flow deliveries.
Analyses are focussed on assessing the potential under the 2800 scenario to meet environmental water requirements of 
the Edward–Wakool River System. Flows were analysed using e-Flow predictor 2.0.3 (eWater CRC). It is assumed that 
these requirements are able to meet the water requirements of ecological communities of the Werai Forest. Additional 
analyses are needed to test this assumption. At present, no detailed study has been conducted on deriving the water 
requirements of the Werai Forest. 
Assessing average annual flows
Based on the environmental water requirements published in the Guide to the proposed Basin Plan (MDBA, 2010) and 
shown in Table 6.21, the average annual flow requirement required at Deniliquin is 1864 GL/year19
Inter-annual flows
. This is 176 GL more 
than average annual flows under the baseline scenario. Under the 2800 scenario, the flow is 1833 GL/year at Deniliquin, 
which leaves a 31 GL deficit in meeting water requirements on an annual basis. According to MDBA (2012) in the 
modelling of the BP-2800 scenario, ‘Edward-Wakool demands covering in-channel baseflow and overbank flooding 
elements of the flow regime were not included because they are relatively small in volume and align to some extent with 
flows associated with Barmah–Millewa Forest.’ This outcome is consistent with the analysis here. The assumption of this 
analysis is that a single additional volume is required to meet environmental water requirements for the Edward–Wakool 
River System. This is a volume that is averaged across all years, including wet and dry years. The next section focuses 
on meeting individual requirements under the 2800 scenario.
Assessing the environmental water requirements on an inter-annual basis, the proportion of events occurring under the 
2800 scenario increases for the low-lying wetland and waterbird targets specific for the Werai Forest, and are maintained 
for fish habitat (MDBA, 2012). Under the 2800 scenario, there is no improvement in meeting river red gum targets, and a 
decline in meeting the black box requirements. This finding is consistent with the outcomes of analysis in Chapter 3.
19 Volume calculated in e-Flow predictor 2.0.3 (eWater CRC), where flows are set to mimic the frequency and duration of events in the 
NNH scenario.
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Additional flows to meet environmental water requirements of the Werai Forest
To meet Werai-specific (low-lying wetlands and waterbird) requirements, and being mindful of the constraints associated 
with delivering the 18,000 ML/day and 30,000 ML/day, an additional 36 GL is required. The 2800 scenario represents an 
improvement relative to the baseline scenario, but still falls short of meeting all of the Werai Forest flow requirements. 
Alternative delivery scenarios of the 2800 scenario could be investigated, where river operation scenarios are ‘optimised’ 
to meet environmental water requirements, reducing the need for additional water recovery.
6.11.7 Wamba Wamba values and management objectives
The significance of the Werai Forest
The Werai group of forests is described as a special place for Wamba Wamba people. It is a place ‘seen by most of the 
local community as home’ (Yarkuwa Indigenous Knowledge Centre Aboriginal Corporation, 2009). A strong sense of 
attachment to the area was evident from the workshop discussion. One participant stated that ‘Werai is one of those 
places that people feel more comfortable going to’; another said ‘your ancestors come from there. It’s the strong cultural 
connections’. Community members derive a range of social, economic and cultural benefits from their use of and 
interaction with the Werai Forest. The area was described as a ‘supermarket’ by workshop participants, providing many 
non-market wild foods such as kangaroos, ducks, eggs, emus and fish. Resource use patterns have been recorded on a 
series of Land and Occupancy Maps of the area. These maps show the places visited by Wamba Wamba people to 
hunt, fish and collect food and medicinal and ceremonial plants. In sum they contain over 10,000 records of resource use 
and cultural activity (N Ward (MDBA), 2011, pers. comm.). Aboriginal access to aquatic ecosystems in the area offer 
wider livelihood opportunities with the potential for economic gain from cultural tourism activities, for example, and 
employment in environmental programs focused on the proposed Indigenous Protected Area. 
During this consultation exercise, the Wamba Wamba revealed the importance of a number of landscape features, 
especially the lowland vegetation systems (including cumbingi), the river red gum and black box systems, species such 
as waterbirds (swans, brolgas, herons) and ecological processes such as fish breeding, particularly during flood. The 
environmental values maintained and affirmed by Wamba Wamba people are discussed fully in 2007–08 report funded 
by the Aboriginal Affairs Department (Yarkuwa Indigenous Knowledge Centre Aboriginal Corporation, 2009). 
There are 349 registered Aboriginal cultural sites in the forest (burial sites, oven mounds, scarred trees, story sites and
stone artefacts), according to a public submission to the New South Wales NWC River Red Gum Inquiry. The locations 
recorded within the forest environment provide evidence of long-term occupation of the forest environment (at least 
10,000 years) and substantial human populations (Yarkuwa Indigenous Knowledge Centre Aboriginal Corporation, 
2009). A Yarkuwa submission to the River Red Gum Inquiry notes that grasses and herbs are used for medicines (river 
mint, old man weed and flax lily), sedges for weaving baskets, and cumbungi for string and food. 
The forest is historically significant for a number of reasons. For many years during the last century it was a focal site for 
hunting and collecting foods. The area was accessible to Aboriginal people in any era when many other forms of land 
tenure were not. According to one workshop participant:
As a kid, I remember them starting logging in the 1950s. Werai was the only place we had the freedom to hunt. 
That was good. If you wanted to catch a rabbit or anything else, you had to sneak onto a property.
Two missions were established in the area. The first was at Colimo Station and the second at Moonacullah. Moonacullah 
was established within the lifetime of Wamba Wamba elders who remember being moved to the new site as young 
children. Families were sent to live at the Mission and many remember visiting places in the forest and hunting and 
fishing throughout the area while resident at the Mission. Bush foods were said to be an important supplement to the
food provided by the Mission. Even today it is referred to as a place that remains accessible, as one person commented:
We learned all the good spots from parents and grandparents. There’s other good spots … but this one is 
important. Part of the story also is that it is not private property so you don’t have to ask permission. I’m sure 
there are good spots opposite my place, but I’d have to ask permission.
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Hydrologic changes
Many hydrologic changes have been observed and these were discussed in some detail in the workshop. The following 
comments illustrate the nature of these changes:
They completely changed the forest with the logging for sleepers and sawmills. A few of the drivers used 
gelignite to get the fish, which was bad because they’d just take the fish and the rest would float up.
… (the area) used to be a big swamp. Now it is just 10 metres in a small circle. It used to flood and now it 
doesn’t. We have had high water but its not going to where it used to because there are levees everywhere.
Even lately, water wasn’t getting in there with the big flood. The State Forest should be under water. River 
control is a big issue. We always had that big water at Christmas but not anymore… When SA is asking for 
water or once a year they used to flush the river out. But not anymore.
We used to have swans out there... there used to be swans on the floodplain before he put the levees in. We 
haven’t had swans out there in years.
All the creeks are fed from the river, so when the river drops, it flows back into the river. But the weir is there 
and it makes everything too wet. The creeks don’t drop down like they used to. Its in those little back washes 
and billabongs that breeding takes place. You can’t have them drop too fast.
Like many Aboriginal groups, the Wamba Wamba has articulated a vision for restoration of a healthy Murray–Darling 
system in a number of submissions to natural resource management debates and programs (e.g. River Red Gum inquiry 
by the New South Wales NRC). The cumulative impacts of river regulation, overallocation, drought and landuse change, 
including forestry, have adversely affected the ecological condition of customary estates. One workshop participant noted 
that Edward River is:
… often high, higher than usual. The main reason is because they use those rivers as irrigation canals… the 
river is not managed for the environment. 
In the opinion of some community members, management of the Werai has privileged the needs of the forest industry 
over other interests:
… the way it has developed, they had to get the watering regime to get the red gums growing where they are.
The natural setting would have been red gums along the river and the black box in the back. They’ve been 
reducing the diversity to intensify the red gum. 
Management objectives and environmental water targets
When asked what people would like the Basin Plan to achieve, participants answered that they would like to see a 
consistent and ‘balanced’ supply of water to the environment or ‘regular water (instead of 12 feet on one side of the weir 
and 2 feet on the other)’. Another response to this question was:
Water diverted for a proper management plan. Flooded when it needs to be … pulses down smaller tributaries 
to control blackwater. The whole Werai Group is Ramsar.
The need for closer examination of the water requirements of the area was raised and the possibility that different parts 
of the system may require different flow regimes was discussed:
Might need two watering regimes, less in the south and more in the north. North of the Neema, where they 
haven’t been logging, have never logged, you’ll notice that all of the areas on the plains are (Black) box. The 
natural pattern. Red gums can quickly become a noxious weed, and to some degree that is what it is like in the 
southern half of Werai. Has the southern part had a water regime that has been encouraging the red gum? The 
south is overgrown with red gum. We want to see a more diverse environment – the original balance –
interspersed red and black gum and different undergrowth. 
Another community member confirmed that ‘the low-lying areas need water’. From such a change to the flow regime the 
Wamba Wamba would hope to see:
The birds to come back, rookeries; wetlands; trees; lignum; cumbungi. There are dead river gums, dead 
cumbungi and lignum. Birds nest in the lignum.
194 ƒ Assessment of the ecological and economic benefits of environmental water in the Murray–Darling Basin
Participation in management
Workshop participants expressed a strong desire to be directly involved in land and water management. As well as 
wanting to see environmental improvements (e.g. removal of levees), they also wish to see an increase in and 
reorientation of management effort towards resource assessments, management activities and ‘monitoring of the river’. 
The community is keen to develop the capacity to be active managers of the area, particularly during the period of 
negotiation over the hand back of the Werai Forest. As one person noted:
I’d like to see between now and the time we take over that area, as many assessments get done as possible, 
what’s out there, what’s the current condition? So we know whether it is good or bad, what’s needed to improve 
it… We need to know that (watering) history and have it on the table before the land is transferred. We want to 
discuss all ideas for how it should be managed. Once it is transferred we have to have our own water. I reckon 
that’s what we need to negotiate. 
The Wamba Wamba workshop participants want to see water allocated directly to the Werai under their control and for 
there to be a process of learning and engagement. As one younger representative said: 
I am concerned about an allocation, but there needs to be participation. Training for Indigenous people in water 
management ... We need to get the technical knowledge to know what to do with it.
Evidently, the Catchment Management Authority is interested in setting up an Aboriginal watering group and the Wamba 
Wamba would like to be in a position to contribute to this group’s activities. This development signifies a change in 
approach to addressing Aboriginal interests in natural resource management, particularly water management (Jackson et 
al., 2009). According to workshop participants, previous management activity did not adequately take account of Wamba 
Wamba interests or directly involve them in on-the-ground works. For example, the environmental watering undertaken a 
number of years ago did not involve those people represented at the workshop, as explained by one community 
member:
… that was a time when we weren’t given that importance, we weren’t considered part of the process. No one 
thought we should be part of the process. There’s been a lot of hard work since then. Even at the CMA people 
were questioning why they should talk to blackfellas, why we should be involved. Now they can’t seem to get 
enough blackfella involvement… there’s people there who want to form partnerships, and do programs. 
The effect of increased availability of environmental water
A number of people referred to the emotional and psychological effect of seeing the forest under water again after a 
period of severe drought. Drought and dry periods were associated with ill-feelings and depression, and as traditional 
owners who feel a sense of responsibility to the country, the loss of control was a source of frustration and 
powerlessness. The following quotes illustrate these effects:
Community member: there is that good feeling of seeing the land watered, it makes you feel good. Even if it was 
State Forest, you can see how the land suffered. It needs water. A feeling of seeing the land watered. It was a 
good feeling. Seeing turtles dies because they can’t get past the regulators – it’s depressing.
I was thinking how I felt when we couldn’t do anything. How it makes you feel frustrated and useless to see the 
country like that. We are the traditional owners and yet we couldn’t do anything to help our land. A big part of 
our culture is our food. They’ve taken so much else away from us. Without the water we don’t have our food to 
eat. Without the water to grow the food that we eat, it is taking another part of our culture away when we’ve lost 
so much.
There is an expectation that the Basin Plan will benefit Indigenous people all along the major rivers, including 
the Edwards, connecting ecosystems and groups of people who have been working towards river restoration.
Community member: I feel like restoration of the forest is tantalisingly close. The Plan can get us there. The 
Basin Plan is a once in a generation opportunity. I don’t want to see how it is organised into site specific 
(approaches) … I’d still like to see the (Murray) mouth open. It would be a shame if the water couldn’t get 
through to the Murray Mouth. The elders on MLDRIN (Murray Lower Darling Rivers Indigenous Nations) always 
said that the river is one whole entity, but if only one bit is being watered.
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6.11.8 Summary
The Werai Forest is a landscape of great significance to the Aboriginal people of the Deniliquin area. Water management 
and landuse change has adversely affected the condition of the aquatic systems used for centuries by the Wamba 
Wamba. The group has a strong desire to restore the health of the Werai and to participate directly in its management. 
Current management objectives include providing greater and more consistent environmental flows, restoring a balance 
to the river red gum and black box vegetation communities, and providing suitable habitats for fish and waterbirds so that 
they can fulfil their lifecycles. Members of the group are conscious that they have much to offer the process of restoration 
and management but are equally interested in learning how to adapt to the changing circumstances they have witnessed 
over recent decades, particularly in light of the complexity of institutional arrangements governing water access and use. 
They are looking to science organisations, land and water management agencies, the MDBA and the Commonwealth 
Environmental Water Holder to assist them in their efforts to take greater control of natural resource management 
activities within their country. Given the experience of Aboriginal community-based natural resource management in 
other parts of Australia (Altman and Jackson, 2008; Hunt and Altman, 2009), there are opportunities for Aboriginal
people to participate in an array of environmental restoration and management activities and, in doing so, realise multiple 
social, cultural and potentially health benefits.
The preliminary work undertaken for this project suggests that the 2800 scenario is likely to directly benefit the Wamba 
Wamba people involved in this study. Under the 2800 scenario there will be a recovery of 145 GL of water at Deniliquin. 
This recovery of water for the environment will benefit fish and vegetation communities. In addition to this, additional 
flows will be required to meet the environmental water requirements of Werai-specific environments identified by the 
Wamba Wamba as significant to their way of life and value system, such as low-lying wetlands, waterbirds as well as 
river red gum targets. This study calculates that a further 36 GL will be required to meet the Werai requirements to fulfil
environmental water requirements. Taking account of the emphasis the Wamba Wamba gave to fish, birds and lowland 
vegetation systems, the 2800 scenario should assist the group to realise its management objectives relating to these 
features and processes. To maximise environmental benefits, this additional water needs to be accompanied by 
improved management of regulators and the removal of floodplain levees which are affected the flooding of the forest. A 
site management plan for the site should also be developed to scope and implement such works to maximise benefits 
under the 2800 scenario.
Should the Basin Plan result in increased environmental water and frequency of flow scenarios conducive to features of 
interest to the Wamba Wamba, the group is likely to make greater use of the area and derive increased direct benefits. 
Indirect use benefits can also be expected as a result of improved conditions. The indirect benefits might be enhanced if 
greater opportunity was provided to the Wamba Wamba to participate more widely in land and water management and 
thereby fulfil their customary responsibilities to manage their country and resources. Members of the Wamba Wamba 
reported negative feelings associated with loss of control over the forces that have been driving environmental 
degradation of the Edward–Wakool River System. Addressing those pressures and restoring the health of the Werai may 
therefore result in increased livelihood opportunities and improvements to Aboriginal wellbeing.
Beneficial outcomes are likely at many other Aboriginal sites and sites of importance to Aboriginal communities in the 
Basin. Valuing these benefits requires a dedicated research program.
6.12 Conclusions, caveats and future research
This chapter catalogues and estimates the monetary value of the incremental changes in the supply of ecosystem 
services under the 2800 scenario relative to the baseline scenario using a variety of economic valuation techniques.
Ecosystem services are a framework to consider a wide range of benefits potentially arising under the 2800 scenario and 
also a score sheet to identify remaining gaps in the ability to elicit monetary value. This study reflects the best available 
science; nevertheless there are data gaps in information about ecological responses and environmental valuations that 
have been noted throughout this report. For instance, ecological information is often not in a form that can be used in 
valuation methodologies. There are some ecosystem services without estimates: for example, Aboriginal cultural values 
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and many of the regulating services20
In evaluating the economic benefits associated with recovering 2800 GL/year of water for the environment, the inter-
relationship among values is complex. It is important to understand the potential overlaps and double counting that can 
occur when these values are aggregated. For instance, there may be some embedding effects within the non-use habitat 
values as discussed earlier. There is an unknown degree of double counting between recreation values, amenity values, 
Aboriginal values, and non-use values (Hatton MacDonald et al., 2011a). Avoided cost measures are not 
consumer/producer surplus measures grounded in a economic welfare maximisation framework. While useful for least-
cost planning approaches in the operation of utilities, the concept must be applied with care in a cost–benefit framework. 
Furthermore, it would be informative to look at different scenarios for sensitivity analysis, for example:
like moderation of extreme events (flood prevention) and wastewater treatment.
There are other ecosystem services where estimates could be improved: for example, salinity and non-use benefits. 
There are also some regions without estimates. In other cases there are uncertainties surrounding the estimates 
provided, for instance because benefit transfer or avoided costs were used. Targeting some of these gaps and limitations
would provide a more comprehensive picture of expected benefits under the 2800 scenario. A more comprehensive set 
of valuation data is fundamental to evaluating any trade-offs in order to maximise net benefits for the Australian 
community in recovering 2800 GL/year of water for the environment. Examples of trade-offs include those between 
ecological outcomes and socioeconomic costs, or between upstream and downstream ecological outcomes,.
x different representations of water management rules and operational practices in the river models – which 
may result in different ecological benefits given the same input of 2800 GL/year of water
x different overall volumes of environmental water
x other policy options such as integrated natural resource management, fish ladders, regulators, etc. – which 
could increase the supply of ecosystem services. 
There is a clear need for a future program of economic valuation research. Specifically, there is a need for a Basin-wide 
non-use value study, a Basin-wide recreation and tourism study, and a more comprehensive study of Aboriginal values in 
the Basin. Despite these limitations, the assessment of how a particular policy intervention – as represented in the 2800 
scenario – may affect ecosystem services in the Basin provides an opportunity to learn about ecological processes and 
their interactions with human wellbeing that is in itself a benefit in terms of pushing the boundaries of integrated 
hydrologic–ecological–economic science and its application at the Basin scale.
Finally an assumption made in this chapter for a few ecosystem services is that an increase in flow translates to 
proportional changes in ecology and ecosystem services – in other words, linear response functions are assumed. Past, 
less sophisticated, attempts to estimate the benefits of changed flow regimes have also made this assumption (CIE, 
2011) and it is reasonable to ask how the present study has taken things forward. One of the major contributions of this 
project has been the rigorous assembly and examination of scientific information to assess what can be said with rigour 
about response functions. This report makes a good case for why linear functions must be assumed in the absence of 
better data, but where thresholds are identified they should be used, for instance in valuing reduced Murray Mouth 
dredging costs. However, a range of questions remained unanswered:
x Would a greater volume of additional environmental water than the 2800 GL/year modelled here produce a
proportionately larger or smaller ecological response?
x Are non-linear responses likely, such that responses might be delayed for many years?
x Is a minimum flow volume required before responses occur?
This study provides a basis for using the new arrangements under the proposed Basin Plan to test some of these 
assumptions so that future assessments do not have to fall back on the default assumption of linearity.
20 The value of improved wetland condition throughout the Basin under the 2800 scenario would be higher with an estimate of these 
enhanced regulating ecosystem services.
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7 Conclusion
The purpose of this chapter is to:
x summarise succinctly the key findings presented in this report
x discuss the challenges faced in arriving at the results
x outline areas where further research is required.
7.1 Key findings
7.1.1 Ecological benefits
Ecological benefits (Chapter 3) relate to the ecosystem services provided by habitat (nursery and genetic diversity).
x Short-term datasets on ecosystem condition have previously been used to develop the case for change in the 
Murray–Darling Basin. Seventy-three long-term datasets (average 23 years) were analysed in this project to 
determine ecological trends. Patterns of decline pre-date the millennium drought. The driver of decline is likely 
to be the result of multiple stressors over several decades. These include several severe droughts, water 
resource development and overallocation, and overharvesting of fisheries and floodplain timber resources.
x Under the 2800 scenario, inundation of forests on lower and mid-floodplains of the River Murray increases.
The areas flooded by the 1-in-2-year and 1-in-5-year recurrence interval floods increase by 27% and 11%, 
respectively. These increases primarily benefit lignum shrubland, then river red gum forest and woodland, and 
are of least benefit to black box woodland which occurs on higher level locations. Meeting vegetation habitat 
requirements in the Lower Murrumbidgee River Floodplain, Macquarie Marshes and Narran Lakes improves 
under the 2800 scenario relative to the baseline scenario. Nevertheless, higher elevations of River Murray 
floodplains see little improvement in flood inundation under the 2800 scenario because of constraints to 
providing large flood discharges, and thus the river red gum and black box communities in those locations are 
likely to remain vulnerable.
x The 2800 scenario benefits native fish that prefer high flows for recruitment. These species include Macquarie 
perch, golden perch and silver perch. These benefits are highest in the lower Murray River, but habitat 
conditions still have a median of below 0.5 (on a scale of 0 to 1). Model outcomes for species that recruit in 
low-flow conditions during warmer periods of the year improve little under the 2800 scenario, but median 
scores for the majority of sites, including under the baseline scenario, are above 0.8. There are many other 
stresses on native fish, such as barriers to movement, competition from pest species, loss of structural habitat 
and declines in water quality, so complementary measures to improved flow management will also be required.
x The frequency of small breeding events for colonial nesting waterbirds increases under the 2800 scenario.
There is little or no increase in the frequency of large breeding events, particularly in the southern Basin.
Breeding responses partly depend on inter-decadal variation in climate and inflows. During periods of high 
inflows (mid-1950s and 1970s), the frequency of waterbird breeding at some locations under the 
2800 scenario increases to levels approaching that under the without-development scenario. During periods of 
low inflows (1940s, 1960s, 2000s) breeding frequency does not increase above that under the baseline 
scenario.
x There are important ecological benefits for the Coorong under the 2800 scenario, including a reduction in 
frequency of hypersaline periods, and the proportion of years spent in ‘degraded hypersaline’ and ‘unhealthy 
marine’ ecosystem states.
x The magnitude of ecological change is relatively consistent across ecological response models and groups of 
response variables (floodplain vegetation, floodplain spawners and Macquarie perch, waterbirds, the Coorong)
for those parts of the Basin covered by the ecological response models. While there is considerable 
uncertainty around how flows lead to successful ecological outcomes, the consensus of the evidence 
presented in this chapter is that there will be a benefit to ecological response variables by recovering water for 
the environment. The magnitude of these benefits are highest to ecological communities whose maintenance 
and reproductive processes are supported by flooding of low-elevation floodplains and by improved conditions 
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in the Coorong, particularly in drought periods. Operational constraints would need to be overcome to provide 
benefits to ecological communities on mid- and high-level floodplains. To improve our confidence in predicting 
the significance of and scale of change across a wider set of response variables, future research needs to 
build on our understanding of the relationships between flow and ecology.
7.1.2 Water quality benefits
Water quality benefits (Chapter 4) relate to the ecosystem services provided by the supply of fresh water for consumptive 
use.
Acidification of the Lower Lakes
x Under the 2800 scenario, modelled water levels at Milang on Lake Alexandrina do not fall below 0.10 mAHD.
This level is higher than the minimum water level under the baseline scenario. It is above any of the water 
level thresholds identified as being of concern for acidification of the Lower Lakes.
x The potential does exist under the 2800 scenario for localised lake acidification due to rainfall on exposed 
sediments when water levels in the Lower Lakes fall below their normal regulated level. This problem is,
however, related to the historical regulation of water levels in the Lower Lakes as much as the prevailing flow 
regime.
Cyanobacterial bloom formation
x The mean number of risk days per year for cyanobacterial bloom formation decreases at five out of six 
locations examined under the 2800 scenario relative to the baseline scenario. The mean number of risk days 
per year increases by three at Walgett under the 2800 scenario.
x There are also small decreases (at four locations) or no change (at two locations) in the mean number of risk 
events per year for cyanobacterial bloom formation under the 2800 scenario relative to the baseline scenario.
Blackwater event occurrence
x In the five River Murray zones where the potential for blackwater events is highest, the risk of experiencing a 
potentially hypoxic blackwater event declines by approximately 25% under the 2800 scenario relative to the 
baseline scenario.
x Flow regulation has shifted the distribution of blackwater event occurrence away from a higher frequency of 
relatively benign events with low-oxygen demand to a greater number of events with high-oxygen demand 
where the risk of anoxic conditions developing (and risk of fish kills, for example) is greater. Under the 
2800 scenario, the frequency of potentially hypoxic blackwater events reduces by approximately 25% relative 
to the baseline scenario.
7.1.3 Ecosystem services
A range of ecosystem services are discussed in Chapter 5.
What do people understand of ecosystem services?
x A random selection of 503 members of the Australian public who had visited a recreation site in the Basin was 
surveyed about their understanding of ecosystem services.
x Respondents were less familiar with the concept of ecosystem services, but much more familiar with the idea 
of habitat.
x Over 70% of respondents were aware that nature provides them with benefits.
x About 90% of respondents agreed that they have a moral obligation to maintain wilderness areas for future 
generations.
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x The most important ecosystem services identified by respondents were fresh water (for drinking) and habitats 
(for species and maintenance of biodiversity). Fresh water for drinking was the service considered to be most 
worth paying for.
x Litter and rubbish, and damage of vegetation, were seen as the most important problems at locations visited 
by respondents. Providing more information was supported by most respondents as an effective approach for 
preventing future degradation.
Audit of ecosystem services
x A number of Basin Plan regions have high concentrations of ecosystem services supplied by freshwater 
ecosystems:
o provisioning services: Murrumbidgee, Lower-Murray and Mid-Murray regions 
o regulating services: Murrumbidgee, Lachlan and Macquarie–Castlereagh regions
o cultural services: Murrumbidgee, Macquarie–Castlereagh and Lower-Murray regions 
o habitat services: Murrumbidgee, Mid-Murray and Lower-Murray regions.
x A change in water management will most likely change a large number of ecosystem services in those regions
with a high concentration of services.
x Mainly indirect benefits to human wellbeing are provided by the regions in the northern Basin (Warrego, 
Condamine–Balonne and particularly Paroo).
x Some indicators for ecosystem services have been developed for other uses and cannot be readily used to 
indicate changes in supply of ecosystem services under varying management interventions.
x Indicators are proposed that are potentially useful for describing the magnitude and extent of the supply of 
ecosystem services.
Incremental changes in the supply of ecosystem services
x A high proportion of the 2800 GL/year of water will be sourced from the southern Basin where ecosystem 
health is considered poor to very poor, where overallocation is greater relative to the northern Basin, and 
where the largest changes in flow regime are required in order to recover toward natural conditions. Thus 
much of the halt or reversal in decline in condition of vegetated floodplains and wetlands – and therefore the 
bulk of the ecosystem service and economic benefits – are likely to occur in the southern Basin, particularly in 
the Murray, Goulburn–Broken and Wimmera–Avoca Basin Plan regions.
x A relatively small proportion of the 2800 GL/year of water will be sourced from the northern Basin where 
ecosystem health is better and overallocation relatively less, resulting in smaller incremental changes in the 
supply of ecosystem services in the northern Basin relative to the southern Basin.
7.1.4 Economic benefits
The values of incremental changes in the supply of ecosystem services are calculated in Chapter 6.
x Table 6.3 summarises the monetary values of incremental changes in the supply of ecosystem services under 
the 2800 scenario relative to the baseline scenario. The methodologies and data used are reported in Table 
6.2. Qualitative estimates of these values are provided where robust monetary values cannot be calculated 
(see Section 5.5 and Table 5.5).
x To avoid the risk of double counting, monetary values in different rows in Table 6.3 should not be summed to 
a single value because of possible overlaps. For example, the non-use values that underpin the habitat values 
may also capture some aspects of other ecosystem services such as recreation and mental health, or 
aesthetic appreciation and cultural inspiration.
x There is substantial scope to improve the estimates of value of ecosystem services in the Basin.
x The monetary value of benefits that arise under the 2800 scenario relative to the baseline scenario is 
dominated by habitat ecosystem services. Other studies have come to similar conclusions (CIE, 2011).
x Using values from previous studies, the Basin-wide value of enhanced habitat ecosystem services – arising 
from floodplain vegetation, waterbird breeding, native fish and the Coorong, Lower Lakes, and Murray Mouth –
is potentially worth about AU$3 billion to AU$8 billion (present values using 2010 dollars) under the 2800 
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scenario relative to the baseline scenario.
x A new choice modelling survey is recommended because previous work was limited to only the River Murray 
and did not value the same ecological outcomes calculated in this report.
x Outside of the non-use values of habitat, carbon sequestration is potentially a large benefit under the 2800 
scenario. The total volume of carbon held within river red gum and black box floodplain vegetation that is 
maintained in a healthy condition is potentially worth in the order of an additional AU$120 million to AU$1 
billion (in 2012 dollars) under the 2800 scenario relative to the baseline scenario.
x The value of increased supply of other ecosystem services is substantial. For example, improved aesthetic 
appreciation is worth more than AU$330 million (in 2010 dollars) under the 2800 scenario relative to the 
baseline scenario.
x There is a need for a Basin-wide recreation study to value the direct and indirect benefits of changed flow 
regimes and lake levels. Estimates presented for the Murray region range from AU$66 million to AU$161 
million per year (in 2010 dollars) under the 2800 scenario relative to the baseline scenario.
x Cost-based methods indicate indirect benefits under the 2800 scenario, such as erosion prevention and water 
quality improvements. They should be used with care in a cost–benefit analysis.
x Estimates of Aboriginal cultural values are not provided. A Basin-wide research program on cultural flows 
would be useful. A case study of the Wamba Wamba community at the Werai Forest presented here 
highlights the types of cultural benefits that might accrue under the 2800 scenario. These include direct 
ecosystem responses of importance to the community, such as a source of food medicine and ceremonial 
plants and opportunities to promote cultural tourism, as well as more indirect benefits such as informing future 
‘cultural flow’ research and supporting the information needs of the Wamba Wamba in their management 
strategies for the Werai Forest. 
x Some values, particularly those that underpin preferences for goods and services traded in the market, are 
amenable to measurement by economic techniques which can take stock or aggregate values. Human 
preferences can also be conveyed in democratic environmental policy processes such as water planning.
Research on values can contribute to public debate in two ways: (i) by revealing values, and (ii) by 
understanding the conditions for transforming values towards some identifiable goal such as re-allocation of 
water resources. The very processes of debating the Basin Plan, for example, will likely entrench some values 
and influence or transform others.
x This valuation did not estimate the benefit to society from improved human capacity to negotiate the re-
distribution of water resources, that is, to adaptively manage and re-allocate water to the environment. A 
rigorous process that considers the available information (on values, threats, etc.) and considers different 
perspectives will generate a more informed population which is likely to see as legitimate the decisions arising 
from the re-allocation process. Economic benefits would presumably flow from the certainty – or at least 
absence of conflict – that such a process might generate.
7.2 Challenges in quantifying the benefits
7.2.1 Ecological and water quality benefits
Models: fit-for-purpose trade-off against whole-of-Basin analysis
Quantifying the benefits of additional water for the environment, for example those arising under the 2800 scenario, is 
challenging due to the availability and validity of models. Some ecosystems that might be affected by the additional flow 
do not have models available for assessing all the benefits and outcomes. When time is limited, existing models can be 
used for assessing benefit only if the model is fit for purpose. Using a model for purposes outside of its original design is
not recommended. This project has used only models where the geographic location and ecological application can be 
defended, thereby limiting the benefits to a subset of locations (hydrologic indicator sites for key environmental assets 
and Basin Plan regions) and ecological outcomes. It was not possible to directly model certain ecological responses at 
whole-of-Basin scale that may be of considerable interest to a broad range of stakeholders, such as changes in 
populations of carp and other invasive species; regeneration versus mortality of floodplain trees; or changes in 
abundance and species-richness of native fish.
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The 2800 scenario: just one of many ways to potentially operate the system
The 2800 scenario used in this project represents just one of many ways to recover a certain volume of water for the 
environment. Recovering 2800 GL/year of water for the environment – as represented in the hydrologic flow scenarios
supplied by MDBA – could be operationalised in many different ways by changing parameters of the many river system
models that characterise the hydrology of the Basin. Different representations of water management rules and 
operational practices in the river models may result in different ecological benefits given the same input of 2800 GL/year.
Sensitivity of models
The 2800 scenario represent only one potential volume of water for the long-term average sustainable diversion limit 
(SDL), and this report has calculated a range of ecological benefits that may arise under this scenario relative to the 
baseline scenario. However, a variation of the total volume of the SDL, such as a 10% increase or decrease relative to 
2800 GL/year, may result in different ecological outcomes and benefits. The challenge is whether the ecological models 
used here will be sufficiently sensitive to detect a change in ecological benefits given a relatively small change with 
respect to the 2800 scenario.
7.2.2 Ecosystem services
Selection of indicators
An audit of ecosystem services supplied by freshwater ecosystems in the Basin is complicated by the lack of Basin-wide 
indicators of high quality. Many existing indicators, including those used here, were not designed for the specific purpose 
of accounting for variation in ecosystem services within the Basin. Furthermore, some data ascribed to indicators at 
Basin scale are of varying degrees of quality and integrity. Therefore, the indicator mapping presented here is a 
preliminary attempt to quantify the spatially explicit supply of ecosystem services using best available data. Relying on 
indicators that were developed for other disciplines and purposes is only an interim strategy, because they do not provide 
sufficient depth to effectively communicate the effect of a management change on the supply of ecosystem services. For 
example, the vegetation cover in wetlands and floodplains provides only a proxy indicator for the ecosystem services of 
wastewater treatment and erosion prevention.
Linking changes in flow to changes in indicators
More relevant indicators are required that are informed by biophysical process models that explicitly link changes in flow 
to changes in the supply of ecosystem services. While some of these indicators are available at some locations or at 
small scales (as presented in Chapters 3 and 4), these indicators need to be developed Basin-wide to inform 
management decisions that are being made at Basin scale. There may even be a need to develop Basin-wide 
biophysical models as a precursor to developing indicators of ecosystem service supply at that scale. Therefore, the 
preliminary indicators presented here have, in some cases, a low ability to convey information within broader policy and 
decision making. Nonetheless, the present project reports the first attempt at identify indicators that could be used to 
quantify changes in the supply of ecosystem services at Basin scale.
The estimates of incremental changes in the supply of ecosystem services under the 2800 scenario relative to the 
baseline scenario provide a broad-scale assessment of likely magnitude of change. However, more precise process 
models relating flow to service supply are required to improve upon the assumption used here that change in flow is 
linearly related to change in supply of ecosystem services. A high priority is to develop ecosystem service production 
functions to test the assumption of linearity.
Spatial and temporal scale
Indicators should be sensitive enough to identify changes in supply of ecosystem services at various spatial and 
temporal scales. The indicators presented here have mixed ability to capture change across multiple scales. For example, 
a broad indicator such as vegetated floodplain, summarised at region- or Basin-scale, would not be able to pick up subtle 
changes in the extent and health of vegetation cover on floodplains that arise from changes in flow. As reported in 
Chapter 3, the changes to floodplain vegetation inundation frequency and extent (under the 2800 scenario relative to the 
baseline scenario) may enhance recruitment and change vegetation communities from mortality-dominant to recruitment-
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dominant, thereby improving their long-term prospects. It is unlikely a broad indicator such as vegetated floodplain would 
be able to capture this example of fine-scale temporal dynamics.
7.2.3 Economic benefits
Ethical and methodological dilemmas of commodifying nature
Valuing environmental benefits for use in a cost–benefit analysis is accepted practice around the world, in particular for 
government-funded projects. However, there remain underlying ethical issues with assigning value to nature. Unlike the 
valuation of costs which is relatively straightforward, valuing benefits is fraught with difficulties as nature – and the 
services it provides – are public goods.
The initial challenge is in how to define and then value the full range of ecosystem services provided by the freshwater
ecosystems of the Basin. An audit should ensure that ecosystem services are located spatially, temporally, by 
beneficiary, and by final service to avoid double counting. The identification of the full range of ecosystem services is an 
essential prerequisite step. In this project it became evident that achieving the next two steps – measuring ecosystem 
response and valuing change – has underpinning limitations in terms of available and tested ecological response models 
and new or previous economic valuation research.
Differences in system behaviour
An overarching conceptual challenge to valuing the environmental benefits arising under the 2800 scenario is how to 
simplify spatially and temporally complex ecological responses and interconnections between systems for use in the 
available suite of economic valuation methodologies. Ecological systems are characterised by non-linear responses, 
thresholds and risk of collapse, while economic valuation methodologies seek to value marginal changes and assume 
linear responses. Accounting for risk, uncertainty and thresholds in economic valuation is possible but would require 
advances both in the understanding of natural–human coupled systems and application of new techniques. 
7.3 Future research
In completing this project, a number of opportunities for further research were identified.
Ecological benefits
x Basin-wide floodplain inundation modelling that links flow to extent, depth and duration of inundation.
x Expansion of data and analysis to more locations in the Basin and to a wider set of species and guilds, including 
threatened species and invasive species.
Water quality benefits
x More comprehensive spatial coverage of models for blackwater events and cyanobacterial bloom formation.
Ecosystem services
x Develop a full set of indicators for the ecosystem services provided by freshwater ecosystems (new indicators to 
be developed where they are currently absent, or existing indicators to be revised).
x Develop or improve spatially- and temporally-explicit models that are specific for a given ecosystem service, to 
better understand relationships between flow and ecosystem services.
x Develop production functions linking changes in flow to incremental changes in the supply of ecosystem 
services.
Economic benefits
x There is substantial scope to improve the estimates of value for ecosystem services in the Basin by collecting 
new empirical valuation data.
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x A new choice modelling survey for eliciting non-use value of habitat ecosystem services, because previous work 
was limited to only the River Murray and did not value the same ecological outcomes calculated in this report.
x A Basin-wide travel cost survey, to precisely value the impact of changes in flow on recreation and tourism 
ecosystem services.
7.4 References
CIE (2011) Economic benefits and costs of the proposed Basin Plan: Discussion and issues. Prepared for Murray Darling Basin 
Authority. Centre for International Economics, Canberra & Sydney. pp 166.
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Appendix A The Murray–Darling Basin Authority’s 
environmental water requirements
The environmental water requirements in this appendix are those stated in MDBA (2010, 2011, 2012). In that report, 
these requirements are provided by hydrologic indicator site. In this appendix, these have been collated by site within 
indicator type, being:
x river red gum forests (Apx Table A.1)
x river red gum woodlands (Apx Table A.2)
x black box woodlands (Apx Table A.3)
x lignum shrublands (Apx Table A.4)
x coolibah woodlands (Apx Table A.5)
x river cooba (Apx Table A.6)
x native fish (Apx Table A.7)
x the Coorong, Lower Lakes, and Murray Mouth (Apx Table A.8).
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Apx Table A.1 Environmental water requirements for river red gum forests targets at southern and northern Basin hydrologic 
indicator sites
Hydrologic indicator site for 
key environmental assets
Event Percentage of years event required to achieve target
Long-term average interval 
between events
Flow 
threshold
Total 
volume Duration
Low-
uncertainty
frequency
High-
uncertainty
frequency
Low-
uncertainty
event 
periods
High-
uncertainty
event 
periods
ML/day GL days % years years
Southern Basin
Barmah–Millewa Forest
12,500 70 80% 70%
16,000 98 50% 40%
25,000 42 50% 40%
35,000 30 40% 33%
50,000 21 30% 25%
60,000 14 25% 20%
Edward–Wakool River System 18,000 28 30% 25%
Gunbower–Koondrook–
Perricoota Forest
30,000 60 50% 33%
40,000 60 33% 25%
Hattah Lakes 85,000 30 30% 20%
Lower Goulburn River 
Floodplain
2,500 8 48% 36%
5,000 14 66% 49%
25,000 5 80% 70%
40,000 4 60% 40%
Lower Murrumbidgee River 
Floodplain 
175 75% 70%
270 70% 60%
400 60% 55%
800 50% 40%
1,700 25% 20%
Riverland–Chowilla Floodplain
40,000 30 70% 50%
40,000 90 50% 33%
60,000 60 33% 25%
80,000 30 25% 17%
Northern Basin
Booligal Wetlands 850 70 40% 33%
Great Cumbung Swamp
1,500 35 45% 40%
2,700 30 20% 20%
Gwydir Wetlands
45 60 90% 80%
60 60 70% 60%
80 60 50% 40%
150 60 30% 20%
250 60 12% 12%
Lachlan Swamp 850 70 40% 33%
Lower Balonne River Floodplain
System
12,000 11 3 4
18,500 9 4 5
26,500 7 7 10
38,500 6 20 20
Lower Darling River System 17,000 18 40% 20%
Macquarie Marshes
250 150 50% 40%
400 210 40% 30%
Empty cells indicate that that flow attribute is not used to describe the event. 
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Apx Table A.2 Environmental water requirements for river red gum woodlands targets at southern and northern Basin 
hydrologic indicator sites
Hydrologic indicator site
for key environmental 
assets
Event Percentage of years event required to achieve target
Long-term average interval 
between events
Flow 
threshold
Total 
volume Duration
Low-
uncertainty
frequency
High-
uncertainty
frequency
Low-
uncertainty
event 
periods
High-
uncertainty
event 
periods
ML/day GL days % years years
Southern Basin
Barmah–Millewa Forest
35,000 30 40% 33%
50,000 21 30% 25%
60,000 14 25% 20%
Edward–Wakool River 
System 18,000 28 30% 25%
Gunbower–Koondrook–
Perricoota Forest
30,000 60 50% 33%
40,000 60 33% 25%
Hattah Lakes 120,000 14 20% 14%
Lower Goulburn River 
Floodplain
2,500 8 48% 36%
5,000 14 66% 49%
25,000 5 80% 70%
40,000 4 60% 40%
Lower Murrumbidgee River 
Floodplain
175 75% 70%
270 70% 60%
400 60% 55%
800 50% 40%
1,700 25% 20%
2,700 15% 10%
Riverland–Chowilla 
Floodplain 80,000 30 25% 17%
Northern Basin
Booligal Wetlands 850 70 40% 33%
Great Cumbung Swamp
1,500 35 45% 40%
2,700 30 20% 20%
Gwydir Wetlands
45 60 90% 80%
60 60 70% 60%
80 60 50% 40%
150 60 30% 20%
250 60 12% 12%
Lachlan Swamp 850 70 40% 33%
Lower Balonne River 
Floodplain System
12,000 11 3 4
18,500 9 4 5
26,500 7 7 10
38,500 6 20 20
Lower Darling River System 17,000 18 40% 20%
Lower Namoi River 4,000 45 25% 22%
Macquarie Marshes
250 150 50% 40%
400 210 40% 30%
Narran Lakes
25 60 1 1.1
50 90 1 1.33
250 180 7 10
Empty cells indicate that that flow attribute is not used to describe the event. 
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Apx Table A.3 Environmental water requirements for black box woodlands targets at southern and northern Basin hydrologic 
indicator sites
Hydrologic indicator site for 
key environmental assets
Event Percentage of years event required to achieve target
Long-term average interval 
between events
Flow 
threshold
Total 
volume Duration
Low-
uncertainty
frequency
High-
uncertainty
frequency
Low-
uncertainty
event 
periods
High-
uncertainty
event 
periods
ML/day GL days % years years
Southern Basin
Barmah–Millewa Forest
35,000 30 40% 33%
50,000 21 30% 25%
60,000 14 25% 20%
Edward–Wakool River System 30,000 21 20% 17%
Gunbower–Koondrook–
Perricoota Forest
30,000 60 50% 33%
40,000 60 33% 25%
Hattah Lakes 150,000 7 13% 10%
Lower Murrumbidgee River 
Floodplain
175 75% 70%
270 70% 60%
400 60% 55%
800 50% 40%
1,700 25% 20%
2,700 15% 10%
Riverland–Chowilla Floodplain
100,000 21 17% 13%
125,000 7 13% 10%
Northern Basin
Great Cumbung Swamp
1,500 35 45% 40%
2,700 30 20% 20%
Gwydir Wetlands
45 60 90% 80%
60 60 70% 60%
80 60 50% 40%
150 60 30% 20%
250 60 12% 12%
Lower Balonne River 
Floodplain System
12,000 11 3 4
18,500 9 4 5
26,500 7 7 10
38,500 6 20 20
Lachlan Swamp 1,000 60 30% 20%
Macquarie Marshes 700 240 17% 17%
Empty cells indicate that the flow attribute is not used to describe the event.
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Apx Table A.4 Environmental water requirements for lignum targets at southern and northern Basin hydrologic indicator sites
Hydrologic indicator site for key 
environmental assets
Event Percentage of years event required to achieve target
Long-term average interval 
between events
Flow 
threshold
Total 
volume Duration
Low-
uncertainty
frequency
High-
uncertainty
frequency
Low-
uncertainty
event 
periods
High-
uncertainty
event 
periods
Ml/day GL days % years years
Southern Basin
Lower Murrumbidgee River 
Floodplain 
175 75% 70%
270 70% 60%
400 60% 55%
800 50% 40%
1,700 25% 20%
2,700 15% 10%
Northern Basin
Booligal Wetlands 2,500 50 20% 20%
Great Cumbung Swamp
1,500 35 45% 40%
2,700 30 20% 20%
Gwydir Wetlands
45 60 90% 80%
60 60 70% 60%
80 60 50% 40%
150 60 30% 20%
250 60 12% 12%
Lachlan Swamp 850 70 40% 33%
Lower Balonne River Floodplain
System
12,000 11 3 4
18,500 9 4 5
26,500 7 7 10
38,500 6 20 20
Lower Namoi River 4,000 45 25% 22%
Macquarie Marshes 400 210 40% 30%
Narran Lakes
25 60 1 1.1
50 90 1 1.33
250 180 7 10
Empty cells indicate that the flow attribute is not used to describe the event. 
Apx Table A.5 Environmental water requirements for coolibah woodland targets at northern Basin hydrologic indicator sites 
Hydrologic indicator site for 
key environmental assets
Event Percentage of years event required to achieve target
Long-term average interval 
between events
Flow 
threshold
Total 
volume Duration
Low-
uncertainty
frequency
High-
uncertainty
frequency
Low-
uncertainty
event periods
High-
uncertainty
event periods
ML/day GL days % years years
Northern Basin
Lower Namoi River 4,000 45 22% 25%
Macquarie Marshes 700 240 17% 17%
Narran Lakes
25 60 1 1.1
50 90 1 1.33
250 180 7 10
Empty cells indicate that the flow attribute is not used to describe the event.
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Apx Table A.6 Environmental water requirements for river cooba targets at northern Basin hydrologic indicator sites 
Hydrologic indicator site for key 
environmental assets
Event
Percentage of years 
event required to achieve 
target
Flow 
threshold
Total 
volume Duration
Low-
uncertainty
frequency
High-
uncertainty
frequency
ML/day GL days % years
Northern Basin
Macquarie Marshes 400 210 40% 30%
Lower Namoi River 4,000 45 25% 22%
Empty cells indicate that the flow attribute is not used to describe the event.
Apx Table A.7 Environmental water requirements for native fish targets at southern and northern Basin hydrologic indicator 
sites
Hydrologic indicator site for key 
environmental assets
Event Percentage of years event required to achieve target
Long-term average interval 
between events
Flow 
threshold
Total 
volume Duration
Low-
uncertainty
frequency
High-
uncertainty
frequency
Low-
uncertainty
event periods
High-
uncertainty
event periods
ML/day ML days % years years
Southern Basin
Edward–Wakool River System 1,500 180 100% 99%
Lower Goulburn River Floodplain
2,500 8 48% 36%
5,000 14 66% 49%
Mid-Murrumbidgee River Wetlands
26,850 5 60% 50%
34,850 5 40% 35%
44,000 3 35% 30%
63,250 3 15% 12%
Riverland–Chowilla Floodplain 20,000 60 80% 72%
Northern Basin
Border Rivers
4,000 5 32% 24%
4,000 5 59% 45%
4,000 11 36% 27%
Gwydir Wetlands
150 45 85% 85%
1,000 2 85% 85%
Lower Balonne River Floodplain 
System 12,000 11 3 4
Lower Darling River System 7,000 10 90% 70%
Lower Namoi River
500 75 55% 41%
1,800 60 39% 29%
4,000 45 25% 22%
Empty cells indicate that the flow attribute is not used to describe the event. 
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Apx Table A.8 Environmental flow and salinity indicators for the Coorong, Lower Lakes, and Murray Mouth
Indicator Target
Average salinity (g/L) in Coorong southern lagoon over model period less than 60 g/L
Maximum salinity (g/L) in Coorong southern lagoon over model period less than 130 g/L
Max period (days) salinity in Coorong southern lagoon is greater than 130 g/L 0 days
Proportion of years salinity in Coorong southern lagoon < 100 g/L greater than 95%
Average salinity (g/L) in Coorong northern lagoon over model period less than 20 g/L
Maximum salinity (g/L) in Coorong southern lagoon over model period less than 50 g/L
Max period (days) salinity in Coorong northern lagoon is greater than 50 g/L 0 days
Proportion of years 3 year rolling average barrage flow greater than 1,000 GL/year 100%
Proportion of years 3 year rolling average barrage flow greater than 2,000 GL/year greater than 95%
A.1 References
MDBA (2010). Guide to the proposed Basin Plan. Volume 2: Technical background Part II Appendices. Murray–Darling Basin Authority, 
Canberra. Viewed 26 February 2012, <http://thebasinplan.mdba.gov.au/>.
MDBA (2011) The proposed ‘environmentally sustainable level of take’ for surface water of the Murray–Darling Basin: methods and 
outcomes. Murray–Darling Basin Authority, Canberra. Viewed 26 February 2012,
<http://download.mdba.gov.au/proposed/ESLT_MDBA_report.pdf>.
MDBA (2012) Hydrologic modelling to inform the proposed Basin Plan – methods and results, MDBA publication no: 17/12, 
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Appendix B Published long-term ecological datasets 
compiled to date
Methods
Published research and monitoring studies were collected, sorted according to inclusion criteria (cf. below) and tabulated. 
Only primary literature was considered (i.e. those publications containing original data or novel compilations and 
analyses of previously-reported data). Secondary sources were excluded. References in Web of Science and Google 
Scholar® (1980 to 2011) were searched using combinations of search terms including ‘Murray–Darling Basin’, ‘temporal’, 
‘time’, ‘series’, ‘fish’, ‘bird’, ‘waterbird’, ‘vegetation’, ‘Australia’ and ‘flow’. Reference lists in over 300 reports and papers 
were scanned for titles of publications likely to contain time-series data. Publications were included that contained time-
series data on an ecological response variable (e.g. occurrence, abundance, biomass, species-richness, community 
composition). Data were either in the form of time-series (i.e. several samples) or ‘initial-final’ sampling designs (i.e. two 
sampling points). Studies that contained sporadic sampling, typically from collation of historical data (e.g. fisheries 
surveys) were included. The minimum period for inclusion of studies was five years.
Response variables were classified as trending to monotonic increase or decrease (i.e. without a significant 
change-point), step-change increase or decrease (i.e. with a significant change-point) or stable (i.e. no significant change, 
but with marked fluctuations). Statistical significance testing has not been conducted at this stage, nor raw datasets 
re-analysed. Statistical significance of P<0.05 was used for trend data, based on original analyses by the authors, where 
undertaken.
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Appendix C Aesthetic appreciation:
hedonic price model results
Apx Table C.1 Barmah–Millewa Forest, Victoria
Variable
name Coefficient
Robust 
standard 
error
Variable
Name Coefficient
Robust 
standard 
error
invarea -371.2356 (35.4899) *** _Isaleyqc7 0.3461 (0.2446)
beds 0.8394 (0.1355) *** _Isaleyqc8 0.4988 (0.2776) *
bed2 -0.0899 (0.0183) *** _Isaleyqc9 0.5984 (0.3041) **
agland 0.1782 (0.0578) *** _Isaleyqc10 0.7361 (0.3417) **
tourist -0.2450 (0.1377) * _Isaleyqc11 0.8284 (0.3858) **
caravan -0.1379 (0.1387) _Isaleyqc12 0.9243 (0.4239) **
dairport 9.58E-06 (4.64E-06) ** _Isaleyqc13 1.0652 (0.4571) **
dtrain -9.70E-06 (4.43E-06) ** _Isaleyqc14 1.0673 (0.4860) **
invdtown -39.2093 (8.6417) *** _Isaleyqc15 1.1371 (0.5361) **
invdmel -1918608 (325439) *** _Isaleyqc16 1.3545 (0.5769) **
eucdistkea 2.83E-05 (4.64E-06) *** _Isaleyqc17 1.3658 (0.6014) **
eucdistkea2 -2.52E-10 (4.32E-11) *** _Isaleyqc18 1.3365 (0.6455) **
eucd_conser 1.22E-05 (1.29E-05) _Isaleyqc19 1.4632 (0.6861) **
euca_conser -9.51E-06 (5.23E-06) * _Isaleyqc20 1.6765 (0.7130) **
eucd_lake 3.69E-06 (1.12E-05) _Isaleyqc21 1.7836 (0.7455) **
lneuca_lake 0.0946 (0.0304) *** _Isaleyqc22 1.8053 (0.7824) **
eucdriver 1.49E-06 (1.04E-05) _Isaleyqc23 1.9664 (0.8196) **
rainprior3 3.90E-04 (4.98E-04) _Isaleyqc24 1.9079 (0.8605) **
tempprior3 -0.0037 (0.0057) _Isaleyqc25 2.0092 (0.8960) **
ndvimeanpr3 -1.38E-05 (1.99E-05) _Isaleyqc26 2.0153 (0.9308) **
mflowp3 -7.27E-06 (3.69E-06) ** _Isaleyqc27 2.0402 (0.9756) **
redgump3 3.7200 (3.1839) _Isaleyqc28 2.1731 (1.0087) **
wetlan3 -1.7764 (1.6014) _Isaleyqc29 2.3791 (1.0372) **
blackb3 -2.6775 (2.0304) _Isaleyqc30 1.9832 (1.0844) *
_Ieuctype_2 0.0804 (0.2150) _Isaleyqc31 2.3210 (1.1206) **
_Ieuctypri2 -0.0280 (0.0603) _Isaleyqc32 2.3210 (1.1588) **
_Iregion_2 -0.2245 (0.1028) ** _Isaleyqc33 2.7363 (1.3429) **
_Iregion_4 0.8477 (0.1891) *** _Isaleyqc34 2.6978 (1.3777) **
_Isaleyqc2 -0.1572 (0.1207) _Isaleyqc35 2.7539 (1.4195) *
_Isaleyqc3 -0.1308 (0.1330) _Isaleyqc36 2.8020 (1.4539) *
_Isaleyqc4 -0.0112 (0.1530) _Isaleyqc37 2.9095 (1.4917) *
_Isaleyqc5 0.2203 (0.1749) _Isaleyqc38 3.0594 (1.5263) **
_Isaleyqc6 0.1906 (0.2035) _cons 18.3054 (1.7047) ***
N= 3150
R-squared = 0.4274
Root MSE = 0.5549
Ramsey RESET test F (3, 3080)= 1.17, Prob > F = 0.3213
*,**,*** Significant at the p<0.1, 0.05, 0.01, respectively
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Apx Table C.2 Lower Darling River System including Menindee Lakes and the Darling River and Anabranch, Victoria
Variable
name Coefficient
Robust 
standard 
error
Variable
Name Coefficient
Robust 
standard 
error
invarea -170.4707 (15.0306) *** _Isaleyqc9 0.3617 (0.1216) ***
beds 1.97E-01 (0.0099) *** _Isaleyqc10 0.3414 (0.1299) ***
agland -0.1373 (0.0276) *** _Isaleyqc11 0.3076 (0.1373) **
tourist -0.0885 (0.0210) *** _Isaleyqc12 0.2868 (0.1445) **
caravan -2.09E-02 (0.0348) _Isaleyqc13 0.3463 (0.1580) **
dairport 2.94E-06 (7.18E-06) _Isaleyqc14 0.3239 (0.1684) *
dtrain -1.65E-05 (1.19E-05) _Isaleyqc15 0.2942 (0.1804)
dtown 4.15E-05 (1.15E-05) *** _Isaleyqc16 0.2580 (0.1914)
dmel 1.64E-05 (8.65E-06) * _Isaleyqc17 0.3002 (0.2067)
eucdistkea 1.44E-04 (2.40E-05) *** _Isaleyqc18 0.2745 (0.2194)
eucdistkea2 -2.70E-09 (6.62E-10) *** _Isaleyqc19 0.2682 (0.2314)
eucd_conser -3.8E-05 (8.53E-06) *** _Isaleyqc20 0.2166 (0.2415)
euca_conser -8.21E-06 (9.95E-07) *** _Isaleyqc21 0.2456 (0.2572)
lneucd_lake -0.0586 (0.0147) *** _Isaleyqc22 0.2414 (0.2714)
euca_lake 2.62E-04 (1.28E-04) ** _Isaleyqc23 0.2151 (0.2851)
eucdriver 2.24E-05 (7.93E-06) *** _Isaleyqc24 0.2204 (0.2973)
rainprior3 1.73E-04 (3.17E-04) _Isaleyqc25 0.2414 (0.3160)
tempprior3 0.0021 (0.0027) _Isaleyqc26 0.2106 (0.3263)
ndvimeanpr~3 4.85E-05 (2.42E-05) ** _Isaleyqc27 0.1462 (0.3389)
mflowp3 1.10E-05 (3.98E-06) *** _Isaleyqc28 0.1011 (0.3504)
redgump3 0.0832 (0.1769) _Isaleyqc29 0.0921 (0.3669)
wetlan~3 -0.1250 (0.6057) _Isaleyqc30 0.1153 (0.3806)
fishp3 0.1652 (0.0749) ** _Isaleyqc31 0.0671 (0.3968)
_Ieuctype_~2 0.0204 (0.0165) *** _Isaleyqc32 -0.0596 (0.4086)
_Ieuctypri~2 -0.0028 (0.0137) _Isaleyqc33 -0.0538 (0.4805)
_Isaleyqc2 0.0521 (0.0574) _Isaleyqc34 0.8188 (0.2852) ***
_Isaleyqc3 0.1665 (0.0825) ** _Isaleyqc35 0.8137 (0.3115) ***
_Isaleyqc4 0.0297 (0.0848) _Isaleyqc36 0.7895 (0.3153) **
_Isaleyqc5 0.2274 (0.0805) *** _Isaleyqc37 0.7365 (0.2918) **
_Isaleyqc6 0.2382 (0.0993) ** _Isaleyqc38 0.5857 (0.0994) ***
_Isaleyqc7 0.2516 (0.1061) ** _cons 0.6178 (4.7325)
_Isaleyqc8 0.2765 (0.1150) **
N=6512
R-squared = 0.4615
Root MSE = 0.3478
Ramsey RESET test F(3,6446) = 1.27, Prob > F = 0.2841
*,**,*** Significant at the p<0.1, 0.05, 0.01, respectively
Note: waterbirdp3 was omitted because of collinearity 
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Apx Table C.3 Mid-Murrumbidgee River Wetlands, Victoria
Variable
name Coefficient
Robust 
standard 
error
Variable
Name Coefficient
Robust 
standard 
error
invarea -307.1584 (15.9039) *** _Isaleyqc8 0.2703 (0.0501) ***
beds 0.1748 (0.0159) *** _Isaleyqc9 0.3248 (0.0506) ***
agland 0.2208 (0.0727) *** _Isaleyqc10 0.5099 (0.0548) ***
tourist -0.9107 (0.2911) *** _Isaleyqc11 0.5951 (0.0579) ***
caravan 0.5840 (0.2337) ** _Isaleyqc12 0.6472 (0.0603) ***
_Iunitafe_1 0.1691 (0.2181) _Isaleyqc13 0.6892 (0.0581) ***
dairport -6.27E-05 (1.29E-05) *** _Isaleyqc14 0.7118 (0.0640) ***
lndtrain 0.0886 (0.0287) *** _Isaleyqc15 0.6978 (0.0670) ***
dtown 3.91E-05 (1.38E-05) *** _Isaleyqc16 0.7133 (0.0669) ***
dmel -1.15E-05 (3.35E-06) *** _Isaleyqc17 0.7814 (0.0678) ***
eucdistkea -4.19E-04 (2.11E-04) ** _Isaleyqc18 0.7583 (0.0715) ***
eucdistkea2 1.82E-09 (9.19E-10) ** _Isaleyqc19 0.7401 (0.0818) ***
eucd_conser -4.84E-05 (7.52E-06) *** _Isaleyqc20 0.6899 (0.0883) ***
euca_conser 1.71E-05 (6.24E-06) *** _Isaleyqc21 0.8230 (0.0879) ***
eucd_lake 8.06E-07 (1.39E-05) _Isaleyqc22 0.8318 (0.0916) ***
euca_lake -0.0038 (0.0027) _Isaleyqc23 0.7734 (0.0937) ***
eucdriver 4.92E-05 (1.46E-05) *** _Isaleyqc24 0.8445 (0.0954) ***
rainprior3 1.69E-04 (1.50E-04) _Isaleyqc25 0.8720 (0.0986) ***
tempprior3 -0.0031519 (0.0028) _Isaleyqc26 0.8953 (0.1034) ***
ndvimeanpr~3 2.35E-06 (1.03E-05) _Isaleyqc27 0.8323 (0.1066) ***
mflowp3 1.06E-05 (5.75E-06) * _Isaleyqc28 0.8582 (0.1074) ***
mflowp~q -1.33E-10 (8.82E-11) _Isaleyqc29 0.9445 (0.1104) ***
wetlan~3 0.0394 (0.0531) _Isaleyqc30 0.8456 (0.1211) ***
_Ieuctypri~2 0.0640 (0.0275) ** _Isaleyqc31 0.9001 (0.1202) ***
_Iregion_2 0.0891 (0.0281) *** _Isaleyqc32 0.8492 (0.1238) ***
_Iregion_4 0.4680 (0.2231) ** _Isaleyqc33 0.9244 (0.1503) ***
_Isaleyqc2 0.0326 (0.0417) _Isaleyqc34 0.9404 (0.1485) ***
_Isaleyqc3 0.0841 (0.0488) * _Isaleyqc35 0.9021 (0.1530) ***
_Isaleyqc4 0.0238 (0.0463) _Isaleyqc36 0.8476 (0.1381) ***
_Isaleyqc5 0.1614 (0.0408) *** _Isaleyqc37 0.9446 (0.0681) ***
_Isaleyqc6 0.1927 (0.0447) *** _Isaleyqc38 1.0434 (0.0789) ***
_Isaleyqc7 0.2481 (0.0517) *** _cons 37.5064 (12.0768) ***
N=6074
R-squared = 0.5624
Root MSE = 0.3565
Ramsey RESET test F(3,6008) = 1.28, Prob > F = 0.2799
*,**,*** Significant at the p<0.1, 0.05, 0.01, respectively
Note: waterbirdp3 was omitted because of collinearity 
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Apx Table C.4 Barmah–Millewa Forest, New South Wales
Variable
name Coefficient
Robust 
standard 
error
Variable
Name Coefficient
Robust 
standard 
error
invareasqm -68.2163 (-35.7877) * _Isaleyq_5 0.1468 (-0.3416)
beds 0.3225 (-0.0402) *** _Isaleyq_7 0.4833 (-0.4082)
bed2 -0.0265 (-0.0033) *** _Isaleyq_8 0.4644 (-0.4670)
baths 0.1676 (-0.0171) *** _Isaleyq_9 0.5479 (-0.4690)
garage 0.0437 (-0.0101) *** _Isaleyq_10 0.6307 (-0.5450)
agland 0.1689 (-0.1138) _Isaleyq_11 0.7484 (-0.5988)
tourist -74.1336 (-46.6317) _Isaleyq_12 0.6497 (-0.6274)
_Iunitafe_1 40.5648 (-24.8485) _Isaleyq_13 0.6573 (-0.6876)
dairport -3.88E-05 (-1.42E-05) *** _Isaleyq_14 0.7780 (-0.7266)
dtrain 6.27E-06 (-1.72E-05) _Isaleyq_15 1.0015 (-0.8160)
dtown 4.04E-05 (-1.77E-05) ** _Isaleyq_16 0.9593 (-0.8487)
dsyd -2.83E-06 (-2.86E-06) _Isaleyq_17 0.7877 (-0.9167)
lneucdistkea -0.203 (-0.0863) ** _Isaleyq_18 1.1105 (-0.9652)
lneucd_con~r 0.0939 (-0.0514) * _Isaleyq_19 1.0754 (-1.0229)
euca_conser -0.0047 (-0.0029) _Isaleyq_20 0.9021 (-1.0699)
lneucd_lake 0.0576 (-0.0357) _Isaleyq_21 0.9389 (-1.1238)
lneuca_lake 0.0445 (-0.0448) _Isaleyq_22 1.0752 (-1.1710)
inveucdriver 52.9592 (-19.0782) *** _Isaleyq_23 1.3047 (-1.2417)
rainprior3 -0.001 (-0.0006) _Isaleyq_24 1.0875 (-1.2812)
tempprior3 -0.0178 (-0.0072) ** _Isaleyq_25 1.0941 (-1.3473)
ndvimeanpr~3 8.72E-06 (-2.39E-05) _Isaleyq_26 1.4398 (-1.3999)
mflowp3 7.98E-06 (-4.20E-06) * _Isaleyq_27 1.5316 (-1.4518)
redgump3 4.0118 (-4.2809) _Isaleyq_28 1.3935 (-1.4920)
wetlandp3 -2.0363 (-2.1347) _Isaleyq_29 1.2807 (-1.5485)
blackboxp3 -2.4613 (-2.8468) _Isaleyq_30 1.4951 (-1.5839)
_Ieuctype_~2 0.1538 (-0.1968) _Isaleyq_31 1.7352 (-1.6288)
_Iregion_8 38.9843 (-23.8505) _cons 52.2052 (-22.8940) **
N=647
R-squared = 0.6418
Root MSE = 0.3194
Ramsey RESET test F(3,589) = 1.76, Prob > F = 0.1544
*,**,*** Significant at the p<0.1, 0.05, 0.01, respectively
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Apx Table C.5 The Coorong, Lower Lakes, and Murray Mouth (Lake Alexandrina), South Australia
Variable
name Coefficient
Robust 
standard 
error
Variable
Name Coefficient
Robust 
standard 
error
lnareasqm 0.0392 (0.0102) *** _Isaleyq_12 -1.4123 (0.2301) ***
beds 0.0509 (0.0189) *** _Isaleyq_13 -1.3960 (0.2322) ***
baths 0.1619 (0.0235) *** _Isaleyq_14 -1.4076 (0.2132) ***
garage 0.0153 (0.0074) ** _Isaleyq_15 -1.2352 (0.1933) ***
age 0.0014 (0.0004) *** _Isaleyq_16 -1.2483 (0.2339) ***
agland 0.0502 (0.0973) _Isaleyq_17 -1.0251 (0.2338) ***
tourist -0.9818 (0.1353) *** _Isaleyq_18 -1.0043 (0.2259) ***
caravan -0.2131 (0.0932) ** _Isaleyq_19 -0.9813 (0.2122) ***
_Iunitafe_1 0.1177 (0.1256) _Isaleyq_20 -0.9209 (0.2248) ***
lndtrain -0.1920 (0.0418) *** _Isaleyq_21 -0.7759 (0.2340) ***
dtown 1.96E-05 (4.57E-06) *** _Isaleyq_22 -0.9056 (0.2267) ***
dade 1.07E-05 (3.00E-06) *** _Isaleyq_23 -0.6738 (0.2141) ***
eucd_kea -2.32E-06 (1.46E-06) _Isaleyq_24 -0.9008 (0.2253) ***
eucd_conser 1.29E-05 (6.73E-06) * _Isaleyq_25 -0.9088 (0.2319) ***
euca_conser 5.26E-06 (9.39E-07) *** _Isaleyq_26 -0.8058 (0.2328) ***
eucd_lake -6.89E-05 (7.99E-06) *** _Isaleyq_27 -0.8314 (0.2189) ***
lneuca_lake -0.0275 (0.0169) _Isaleyq_28 -0.8448 (0.2266) ***
inveucdriver 21.6901 (8.3355) *** _Isaleyq_29 -0.6825 (0.2203) ***
rainprior3 -0.0008 (0.0004) ** _Isaleyq_30 -0.5779 (0.1804) ***
tempprior3 0.0073 (0.0067) _Isaleyq_31 -0.5010 (0.1461) ***
ndvimeanpr~3 2.16E-05 (1.69E-05) _Isaleyq_32 -0.4894 (0.1464) ***
lakele~3 0.2634 (0.1304) ** _Isaleyq_33 -0.4392 (0.1466) ***
_Ieuctyp~l_2 -0.4473 (0.1265) *** _Isaleyq_34 -0.2585 (0.1188) **
_Ieuctyp~r_2 -0.0042 (0.1178) _Isaleyq_35 -0.1760 (0.0889) **
_Iregion_2 -0.4431 (0.1480) *** _Isaleyq_36 -0.1697 (0.0913) *
_Isaleyq_2 -2.0610 (0.2677) *** _Isaleyq_37 -0.2127 (0.0956) **
_Isaleyq_3 -2.1260 (0.2711) *** _Isaleyq_38 -0.1231 (0.0948)
_Isaleyq_4 -1.8896 (0.2306) *** _Isaleyq_39 0.1364 (0.0687) **
_Isaleyq_5 -1.9896 (0.2404) *** _Isaleyq_41 -0.0327 (0.0830)
_Isaleyq_6 -2.0523 (0.2485) *** _Isaleyq_42 0.0793 (0.0859)
_Isaleyq_7 -2.1316 (0.2448) *** _Isaleyq_43 -0.0256 (0.0870)
_Isaleyq_8 -1.9272 (0.2278) *** _Isaleyq_44 -0.0830 (0.1330)
_Isaleyq_9 -1.6632 (0.2370) *** _Isaleyq_45 -0.1074 (0.2048)
_Isaleyq_10 -1.6398 (0.2284) *** _cons 13.9168 (0.3844) ***
_Isaleyq_11 -1.6413 (0.2195) ***
N=2322
R-squared = 0.6268
Root MSE = 0.4939
Ramsey RESET test F(3,2250) = 1.12, Prob > F = 0.3382
*,**,*** Significant at the p<0.1, 0.05, 0.01, respectively
Note: redgump3 and blackboxp3 omitted because of collinearity
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